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1- Force. — a. General. — Force is the action of one body on another 
tending to change the of motion of the body acted upon. T^mm^ 
inay tieed to moTe a body at i:^* It may ted to Increase or deor^ipB 
the ihotion of a moving body or change its direetidn of motion, 
application of force also may result in mm &£ Utore of the foEowiJig 
states of stress in the body acted upon : 

(1) Tension (tendency to make longer or stretch), as in the control 
cables on an airplane. 

fg) I^ssureoroompressian (tei«te^fej Morten ornan^Jjascm 
the under surfaces of a wing during a banking maneuver. 

(3) Shear (tendency to cut a body by the action of two parallel 
forces) , as in a shaft undOT a load (esample, an automobile axle) or Iflje 
shearing of a rivet. 

h. Mecmtrement. — A force can be measured in three ways: by the 
wei^t ife mm support, by its ability to Mt^h aa eli&i& feody (such 
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a spring), and by its ability to move a body. In aircraft mechanics, 
force is ordinarily measured in pounds. Less commonly used units of 
measurement are the gram ( [1 gram (g. or gm.) = 0.0353 ounce] ) and 
the kilogram (1 kilogram =^ @.g04r poTincls). Many dtifffreinfe in^rai- 
ments have been designed for both manual aM autamatio measure- 
ment of force in aircraft. 

0. Remltwni forces. — If a force or forces are applied to a moving 
body, the body will tend to move at a different speed or in a different 
direction, or both. The force resulting from the combined action of 
two or more forces is called the "resultant." 

(1) If two forces applied to a point act in the wmm lii*prt}0% #ii 
resultant will be a force equal to the sum of the two forces and will act 
in the same direction. Thus, if a northward force of 10 pounds and a 
northward force of 15 pounds act on a poijit, the resultant will be a 
northward force of 25 pounds. 

(2) If two forces applied to a point act in opposite directions, the 
j^sultant will be a force equal to tiie difference between the two forces 
and will act in the direction of the larger force. Thus, if a northward 
force of 10 pounds and a southward force of 15 pounds act OIL a point,, 
the resultant will be a southward force of 5 pounds. 

(3) If a force is applied to a point at an angle tp another force act- 
ing on the same point,, tli* iiiguliafflif'Will fei it iiWr ^ i 'Mapfttttii^fct 
(lepsfleds on the siz© of the an^e between fes Ives f orees and oa iii^r 
magJlltudes. This resultant will act in a direction nearer that of the 
larger force. The direction and magnitude of the resultant can be de- 
termined graphically by representing the two forces as adjacent sides 
of a parallelogram, with the length of the sides drawn in proportion 
to the magnitude of the forces. The length of the diagonal of the 
paralleio^am ^1 represent the resultant. Thus, in Igure 1 (5), the 
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resultant of force AB (5 pounds) and force AD (15 pounds) meeting 
at right angles is a force of about 15.8 pounds acting in the direction 
AC. In figure 1 (2), in which forces AB and AD act at an angle of 45° , 
the resultant acts m % different direction and is of greater magnitude 
than in figure 1 ®. In figure 1 (?), in which forces AB and AD act at 
an angle of 135°, the resultant acts in still another direction and is of 
Mealier magnitude. 
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2. I'd^ee of gpifli^. — a. General. — ^Every body of matter in the 
universe afeteacts every other body with a certain force. This force 
is called "gravitation." The term "gravity" is used to refer to the 
force which tends to draw all bodies toward the center of the earth. 
The weight of a body is the resultant of all gravitational ftmm 
ont&ebody. 

6. Center of gravity, — ^Evei^^ particle of an object is acted on by 
the force of gravity. However, in every object there is one point at 
which a single force, equal in magnitude to the weight of the object and 
directed upward, can keep the body at rest — that is, can keep it in 
balance and prevent it from falling. This point is known as the 
^'oeixtet of gravity.'* Ifee eeiit^ ©f giifvity might be defined as 1^ 





ItoimB 2. — Iioeation of centra of gnvftT' 

"point at which aU the weight of a body may be considered ooncen- 
trated." Thii% the leplesr of gravii^ of a p^f ed^y immd ball would 
be the exact center of the bail, and the center of gravity of a ring would 
be the center of the ring—not any point in the ring itself. Likewise, 
the center of gravity of a cube would be a point within the cube equi- 
distant from all eight corners. In airplanes, ease of control and ma- 
tieti^TerallUty depend partly on the Ideatiiin ck£ 4^ter of gravity. 

e* EomMm of mmiei* of ^rmUy, — Since the center of gcst^t^ of a 
body is that point at wM<^ its weight maff be considered to be concen- 
trated, the center of gravity of a freely suspended body will always be 
vertically beneath the point of support. To locate the center of grav- 
ity, therefore, it is necessary only to determine the point of intersec- 
tion of vertical lines drawn downward fsmo. two points of support on 
the bo%. thus, iSk fifuce % if the flat objecfe ABOD is 
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first from point B and then from point C, the intersection E of the 
lines BD and CA is the center of gravity. The center of gravity of 
any irregular three-dimensional body could be determined in the same 
way, 

3. IiawB of motioii.! — a, ImmpUa. — Ait oldest at rest t^ds to re- 
main at rest, and aa i^ect in motion tends to remain in motion in a 
straight line, unless an external force is applied to change the state 
of rest or motion of the object. Inertia is that property of an object 
which tends to heep it ai rest or in motion in a straight line. Thus a 
stationary airplane remains stationary until force is applied to move 
it, while a gliding drplfme tends to keep gliding until tiie force of 
friction with the air, gravity, and other forces end its flight. Force 
is always required to ehange the state of motion of any body.. 

I 

/ 

t 

Centrifugal force. 

h. G^^s^fugal forc^ — depnition. — The tendency of a moving body 
to keep moving in a straight line is the reason an airplane "skids" 
when making an improperly banked turn, why mud flies from a 
rotating automobile tire, etc. All parts or rotating objects are sub- 
ject to this force, vrhich is known as "centrifugal force." Centrif- 
ugal foree may be defined as tite "force with which any part of a 
rotating body tends to fly outward at a tangent to tiie circle of its 
rotation." 

(1) Examples. — Centrifugal force is present in a whirling fly- 
wheel or a rotating propeller. In figure 3© the point A on the 
revolving wheel tends to fly outward along the tangent AB, while 
the point € tends to fly ontward along ^@ CB. In fifnf# 

8(D representii^ % ro^^ng pop^ltr, to pltet B tends to follow 
the tangent BF, the tangent Q^H, aud I tilie tangent %S. 
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(i) M&f^^Mu^. — ^Rotating pa^ which are fixed cannot fiy out- 
ward; therefore, stresses due to centrifugal force are set up within 
them. The greater the speed and the greater the weight of the 
rotating part, the greater the centrifugal force exerted. Thus, in 
figure 3® point A moves faster than point C because it is farther 
from the mm ol rota^onf hmm emtrlfagal fmm at point A 
m ^ater than that at pdnt 0^ Msmf partis of aircmft, such as 
propeller hub, are subjected to centriftipil loads. These parts must 
have great strength in order to withstand the loads exerted. 

c. MomenPum. — The quantity of motion possessed by a moving 
body — that is, the force with which it moves — is its "momentum." 
The momentum of a body is equal to the product of its mass (weight) 
and its velocity (speed) ; or, in the form of an eqiiaMosi: 

Momentum = mass X velocity. 

Thus a body weighing 10 pounds and moving at the rate of 10 feet 
per second has a momentum of 100 pounds-feet per second. 

4* Work. — a. General, — ^Any force which changes the state of mo- 
tion of a body is performing work upon that body. Th© amount 
of work accomplished is equal to the product of the force applied 
to the body and the distance through which it is moved, providing 
the displacement is in the direction of the force. Thus, if a body 
weighing 2 pounds is lifted 8 feet, 16 foot-pounds of work is done. 
If a force acts upon a body at fpsft witihout moving it, no work m 
wM. to be done (alMiough it may be mM. that a fcm& is 6xea*ted on 
the body). When a body is bein^ Bsoved across a horizontal plane, 
the only work done is the work necessary to overcome the friction 
between the body and the plane. 

h. Measurement. — ^In aircraft mechanics, the inch-iDound and the 
foot-pound are the commonly used units for measuring work. An 
inch-pound ig this work done by a force of 1 pound acting through 
a distance of 1 inch, and a foot-pound is the work done by a force of 
1 pound acting through a distance of 1 foot. A mechanic who lifts 
a weight of 50 pounds to a height of 3 feet accomplishes 150 foot- 
pounds of work. 

5. Efl5.ciency. — a. General. — ^No machine operates with perfect ef- 
ficiency. In all machine, the work expended is always greajber than 
the work accompli^ed, because some, of the work is (inverted into 
heat by frietion, compression, and collision among the paits. The 
efficiency of a machine is the ratio of tJie total work accomplished 
to the total work expended, thus : 



Percent efficiency= 



work accomplished (output) X 100 



work expended (input) 
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h. Eiftoiency of some simple maeJimm. — Machines vary a great 
deal in efficiency, A simple lever, in which the friction of the leTe^ 
against a knife-edge fulcrum is very small, may have an efficiency of 
nearly 1; that is, it may be almost 100 percent efficient. The common 
block and tackle with several pulleys may have an efficiency of only 
40 to 60 -pmrnat^ mtteh ol Ihe m^^msii^ l>eing wasted in over- 
comiBg the frictdoii of tiie rope on the pilli^ and of the f nEe^s 
on their axes of t^totion. A system of gears may have an efficiency 
as high as 95 percent. Heavier and more complicated machinery, 
such as steam and internal-combustion engines, is much less efficient 
because of the large amount of work converted into heat by friction and 
compression. 

6. Pulleys. — a. Oeneral. — The use of pulleys to facilitate the ac- 
complishment of wo!& Is fiKEiEiiliiff to everyone. A pulley system is 
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a device by which a given force can be increased by reducing the 
dxsitece tibrough whieh it operate^ or vie© vei^ In otiapr w^rds, by 
means of a pnllej ^^^m, force ean %e laoi^^tsei a| lh& ei^^inse of dis^ 
taii% CH? distance at the expense of %im^ 1^ toiiEi amount of work, 

however, remains constant. Thus, a man lifting a weight of 50 
pounds to a height of 1 foot with his hand must exert a force of 
50 pounds and does 50 foot-pounds of work. The same man, by using 
i3i.e single movable-pulley system shown in figure 4@, Mft 
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li pmmMs i §m^''^--mm^^a^m' i^wm of M pmm<^ ttot^ a distsoiise 
of i feeSI^ la wlich case hi WPild still be doing 50 foot-pounds of work. 
By using several pulleys in a single system, a large force can be exerted 
through a short distance by the exertion of a small force through a 
long distance, or vice versa. In aircraft, the principle of the pulley 

i. Smmplm.-lM im^ 4®, note a»t * fe« <rf m pml must 

b© applied downTsnatd at A to lift the weight of 50 pounds, which moves 
through the same distance as the force exerted. In figure 4(D, a force 
of 25 pounds applied upward at A will raise the weight a distance 
equal to half the distance through which the force is exerted. In 
figure 4(3), a force of 8% pounds appH^d downward at A will raise 
weight a distance equal to one-sixth of the distance through which 
Ihe force is exerted. In all three cases, the total amount of work done 
remains the same (force exerted X distance exerted; or, weight 
moved X distance moved) . 

c. E-fficiency. — In the examples just given, perfect efficiency of the 
pulley systems was assumed. Actually, the force of friction and 
the force required to overcome the inertia of the stationary weight 
woMld nBC€^te,tB the appHcatioii of a gi^Eter force to do the work. 

Mmkmrn^ &fyimM§^» — Whw, as with a pulley system, a force 
is used to overcome a larger resisting force, a mechanical advantage 
is said to have been gained. Mechanical advantage is equal to the 
resistance overcome divided by the force exerted. Thus, the theo- 
m^ml mechanicad admutage (ignoring friction) of the single fixed 
pulley is 1; <^ the single movabfe i| and of thet combtoatioai 

of six pulleySj 6. If, in figure 40 the weigliA were placed at A and 
the imm exerted where the weight is now attached, the mechanical 
advantage in force would be 1/6, since a force of 300 pounds would 
have to be exerted to lift the weight (through a distance six times the 
distance through which the force was exerted). If distance or speed 
k i^im^d instead of fot^^, itie MechMiical advantage is equal to the 
disbanee the re^timce is moved divided by the diste.nee the effort 
moves. 

7. Levers. — a. General ~LW'& the pulley, the lever is used to gain 
mechanical advantage — to gain force or distance, one at the expense 
of the other. A lever is essentially a rigid rod free to turn about a 
point P called the "fulcrum." (See fig. 5.) Wrenches, crowlbt^^ alid 
^imi are examples of levers. 

h. Classification of levers. — ^There are three types of lewm In the 
first type (fig. 5©), the fulcrum P is located between the applied 
effort E and the resistance R. In the second (fig. 5(2)), the resistance 
R is between the fulcrum P and the effort E. In the third (fig. 5(3)), 
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tiie effort E is be*weeii the r^i^ance R and the fulcrum P. Note that 
in figure 5® the nearer the resistance is to the fulcrum, the less will 
be the effort required to overcome it ; and the farther the resistance is 
from the fulcrum, the more will be the effort required to overcome it. 
The same is true in figures 50 and 5(3). Figures 5(T) and 5(D represent 
types of levers with which force is gained at the expense of distance^ 
while figure 5<3) represents a lever with which distance is gained at 
th© expense of force. 

c. Moments — defmition. — If, in figure 5(T), the resistance R equals 
4 pounds and it is 2 inches from the fulcrum P, and if the effort E 
is applied 8 inches from the fulcrum, it will be found that an effort of 
1 pound will balance the resistance K. In othei? wotdn, when a 'h'st&t 
is balanced, the product of the effort and its lever arm {dx$tancj§ fymtk 
the fulcrmn) equals the product of the resistance an4 its lever nmsu 
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The product of a force and its lever aiin is called the "moment" of 
that forces* 

Mmmaph: If, in figure S®, the lever arm of the effort E is 8 inches, 
and itie effort E ©ptid^ 2 poun^, the moment of th& E will be 
16 inc^-pounds* Likewise, if in figure 5@j, the resi$tan<^ B t|lialf 8 
pounds and its lever arm is 2 inche% the moMent of the reastahee % 
is 16 inch-pounds, and the lever is in balance. 

d. General, law of the lever. — From the foregoing examples, it can 
be seen that the general law of levers is as follows: If a lever is m 
halarwe^ the swm of the momenta teeing to turn the lei>eT in, one 
direction about an aceis egualB the mmi of the moments tending to turn 
it. in the opposite direction. Thus, if several different efforts are ap- 
plied to a lever, the sum of the moments of resistance will equal the 
sum of the moments of effort (if the lever is balanced). 

e. Work done hy levers. — ^Whenever a lever is used to do work, the 
work accomplished is always equal to the product of the resistance and 
%hB 4istanoe which it Is moved. Thu% if a wei^^ of 10 
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H^mmAs lifted 2 feet If - a lew, the work axiec^)^^^^^]3^ 

l<3f fisol-poundsf. Note that t3ie work accomplirfied equals the sma. of 
the moments of the resistance and also (ignoring frietipn) equsds 
the sum of the moments of the effort expended. 

/. Mechardcal ad/vantage. — ^As with pulleys, the mechanical advan- 
tage of a lever is equ^l to the sum of the resistance overcome divided. 
hj the sam of t&e efforts expended. Thus the mechanical advantage 
of the lever in, figure 5® is 4. As with pulleys, the efficiency of a 
lever is always reduced by friction and often by other incidental 
forces tending to interfere, with the functioning of the mechanism. 

8. Gears. — a. General. — A gear is a wheel which has teeth designed 
■■io "^Bk. :tMfflt etf ^ Amte* 'leitoml,, te -iisMfe m- ^teaa "«isi#. 
motion may be feraasmittecU A set of gears is another device by which 
mechanical advantage ma. l>e gained, (^ear ^gbems are essentially 
systems of levers. They are used in maiiy paxis of an airplane— in 
the engine, in some pumps, etc. 

&. Examples, — In figure 60, assume that gear A receives clockwise 
motion from the drive shaft P. Gear B, with which gear A is 
taeshed, is eansid to tnrn in a eounterdodkwi^ direction. But stooe 
gear A has "^m&m as many t^lbt as gear B, pwr M wxM reroibm t?wloe 
for each revolution of gear A. In other words, by means of gear As 
a mechanical advantage in speed of 2 (two revolutions of gear B per 
single revolution of the turning shaft) is gained. In this case, 
speed (in gear B) is gained at the expense of force (in the shaft to 
which gear B is attached) . 

(1) In f gsii fiSr B is turned hf a ghaft P, and gear A. is 
turned by gear B. Gear A turns only one-half revolution per Ml^le 
revolution of the shaft, and the mechanical advantage in speed is 
1/2. In this case, the force delivered by the shaft to which gear A is 
attached will be twice the force applied to shaft P, and the mechanical 
advantage in force wiH be Thus foree is gained at the expense 
of speed. 

(2) Systems of gears of various sizes can be devised to perform 
many kinds of mechanical work. In the aircraft engine accessory sec- 
tion, for example, systems of gears connected to the crankshaft Bm 
used to drive the different accessories at different speeds. 

9. Friction. — a. General, — ^Whenever one object is slid or rolled 
ofer ano&er, irregularities in the contacting surfaces intirloefc iwad 
so eami a etrfeiin pnount of resistance to §m tmm ©xsctdk Ittos 
kind of resistance is known as "friction." Even the rubbing together 
of two pieces of ice would produce friction, though in this case the 
friction would be much less than in the rubbing together of two 
rough stones. Likewise, friction exists in the contact of air with all 
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parts of an airplane in flight. Friction is always present in ma- 
chinery, and accounts partly for the fact that the work accomplished 
by a machine is never as much as the effort or energy exerted. Work 
done against friction is wasted. However, friction can be reduced by 
minimizing the necessary contacts of moving parts, by maMog con- 
tacting surfaces as smooth as possible, by the use of bearings, and by 
the use of lubricants. 




® 

B^e0BS 6. — Gears. 
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b. Kinds of friction. — ^There are two kinds of Mction: sliding and 
rolling. Sliding friction is usually much greater than rolling friction. 
When one object is rolled over another the irregularities of the con- 
tacting surfaces obviously cause less resistance than if the two objects 
were rubbed against one another. Where practicable, devices are used 
in machinery to convert sliding friction into rolling friction. 

c. Bearings, — ^To reduce the amount of work, wasted in overocsning 
friction (and to reduce wear), devices called "bearings" are used where 




® Common bearing. 
Figure 7.- Hearings. 



moving parts contact each other. Bearings are of three general types: 
common or friction, ball, and roller. The ball and roller types con- 
vert sliding friction into rolling friction. Oils, peases, and other 
luhmsmtB !0a^ nied to iiirtlier reduce friction. 

(1) In the mmmm type besftfinf (%. 70), the fyM raili>tm in file 
journal. The journal is lined with some bearing Wmh. as bab- 
bitt, white metals, lead bronzes, etc., to reduce friction. Lubrication 
of this type of bearing supplies a film of oil between tJie shaft and bear- 
ing metal which further reduces friction. 

(2) Roller bearings (fig. T (2)) are used where heavy loads must 
be snpparted. A rollex- bearing consists of a cone (inner race), a set 
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of rollers, a caj^e, and a cup (outer race). The rollers, which are 
mounted between the inner and outer races, are held in place by the 
cage. They may be cylindricsd or conical in shape. Rollers and races 
are siftde of rewy hard steel. The inner race is mounted on i3a& shaft 
and turns witib. it. As the inner race is turned, the rollers rotate be- 
tween the races and change sliding friction to tolling friction. 

(3) Ball bearings are used where comparatively light loads are 
carried by the bearing, A ball bearing is similar in construction and 
operation to a roller bearing. Steel balls are used instead of rollers. 




@ Tapered roller bearing — exploded view. 
PiGtrftE T. — Bearings. — Continued. 

One or two rows of balls may be used. The inner race is mounted on 
the shaft and turns with it. As this race turns, the balls roll between 
it and outer wia Thi^ |>rae^im% aH sUdfxjg fiiclion U ti$iiiig@d 
to rolling Mction^ 

Sbotion II 
HEAT 
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10. General. — a. Generation of heat. — ^When a hole is being drilled 
in a piece of wood or metal, it is noticed that a certain amount of heat 
is generated ; that is, the temperature of the drill and the object being 
#dlled i^m^ UOkm^m, when a lead bu^t stedliis )am"Tj axmor plate, 
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SQ much heat is generated that the lead melts almost instantaneously. 

It is also noticed that when a gas is compressed (such as air being 
pumped into a tire) , it is warmed. Finally, everyone has noted that 
when an object burns (unites with oxygen), considerable heat is given 
off. From these four examples it is apparent that heat can be gene- 
rated in four ways : by friction, collision, compression, and chemical 



5. feneration of hmi ^ Sfim^'m^MmL — In an operafctg aircraft 
engine, heat is generated by sliding or foiling contact of moving pui!!^ 
(friction), by the action of pistons on the fuel-air mixture (comr 
pression), and by the combustion of gasoline (chemical reaction) . 
Heat may also be produced by collision of some of the parts. The 
, generation of this heat presents certain problems which the engine 
designer must solve if the engine is to operate efficiently. 

11. Definition of heat. — Heat may be regarded as the energy of 
motioxi. of the molecules (tiny particles) that make up an object. The 
energy of the molecules of any object can be increased by friction, 
collision, compression, or in some cases, chemical reaction. Their 
energy can bo increased also by contact with, or nearness to, the 
moliioxte of a waim^e object, that is, an object wM@h the mole^ea 
a^re moving faster. The wa3^ in which heat is transferred from one 
object to another are explained in paragraph 16. 

12. Measurement of heat. — a. Definition of temperature. — When 
an object is hot, it is said to have a "high temperature"; when it is 
cold, it is said to have a "low temperature." Temperature is the rela- 
tive state of hotness or coldness of the objeefc helng discussed. Or, as 
already indicated, it is the relative ener^ of motion of the molecules 
that make up the object; the faster the motion of the molecules, the 
higher the temperature, and the dower the speed of the molecules, 
the lower the temperature. 

h. Thermometers. — Most substances have a tendency to expand as 
they grow warmer and contract as they grow cooler. Temperature 
can therefore be easily mea^treii b^ the expanste aai tm^^£0i^<m 
of a^y Bubstance &ii volume of wUdh changes proportioiilill|' ifdthi^ 
certain temperature limits. Any device comtifeMng sudi a substance* 
and used to measure temperature is a thermometer. The substance 
most commonly used in liquid thermometers is mercury, since it is a 
liquid which changes proportionally in volume according to tempera- 
tore ehanges and ha^ a low freezing point ( — 39° C.) and a high boU- 
ing point (367° C). Wh^n very low temperatures are to be meas- 
ured, thermometers containing alcohol (freezing point —130° 0») 
instead of mercury arp often used. Various other kinds of thermome- 
ters have been developed for special purposes — 
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(1) The vapor-pressure thermometer contains a highly irQlteilile 
liquid which vaporizes or condenses (and thus exerts varying pres- 
sures on an indicator) according to changes in temperatures. 

(2) In the resistance type of thermometer, the variations of the 
fesistamde of m el€^Mcitl 6&ii#at!io]: xxepeat^ temperature changes. 

(0) Ixi ^® Ih^mo^tiple tibenaometer, the repstered difference be- 
tmwm the electrical poteiitials of two different metals indicate tem- 
perature. 

(4) In the bimetallic thermometer, temperature is indicated by the 
difference between the amounts of expansion of two metals. 
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CENT I GRADE 

FIGUBB 8.- 



FAHRENHEIT 

-Thermometers. 



c. Centigrade and Fahrenheit scales. — (1) Description, — The two 
most commonly used scales for the graduation of thermometers are : 
centigrade (C.) amd l^ahxioiheit (F.). (Jta itee centigrade wm&^ ise 
t^p&ratare of melting ice (£r@eMiig point) at sea leyel is maiked 
"0°," and the temperature of boiling water (bdiling point) at sea 
level, "100°," On the Fahrenheit scale the corresponding markings 
are "32°" and "212°." The centigrade scale is most used in connec- 
tion with the metric system and in scientific work. Both scales are 
widely used in the United States. Figure 8, illustrating centigrade 
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i^d Falirenheit thermometers side hj side, shows their cOiaapttFatiTe 

readings. 

(2) Conversion. — ^When it is desired to convert a reading on one 
scale into a reading on the other, the following simple formulas can 
be used: 

0.=5/9 {F,-m). 
F.= (9/5) i7.+m 
Thus, M eCTfe^dl ©qutvateflt ^ ^ &.^§/9 (50-32) 
= 5/9 (18) =10°. To and the Fahrenheit equivalent of -lO** 0.: 
(-10) +32-14°. 

13. Units of heat. — For convenience, the standard unit of heat has 
been taken as the amount of heat required to raise the temperature 
of a unit quantity of water a ^vm wmUmc ^ #ge*iei m&mSSmg t& a 
given temperature scale. Tkm two most ccBOEiDaoi% i^d units of heat 
ai^ the calorie and the British thermal unit (Btu). A calorie is the 
amount of heat required to raise the temperature of 1 gram of water 
1** C. (centigrade). A Btu (252 calories) is the amount of heat re- 
quired to raise the temperature of 1 pound of water 1^ F. 
(Fahrenheit) . 

14. medianical equivalent of heat. — Whenever work is done, 
the useftil work accomplished is never as much as the work ^^mded. 




FoJf instance, if the efiiciency of a pulley ^sfcem is 50 percent, this 
means that the work expended is twice as great as the useful work 
accomplished ; that 50 percent of the effort is used to overcome friction. 



been proved #iat a calorie is equal to 427 gram-meters of work (a force 
of 427 grams exerted thi ough a distance of 1 met^), and that a Btu 
is equal to 778 foot-pounds of work. 

15, Heat conductivity .—At any given temperature, certain ob- 
jects feel warmer than others. This difference is due to the difference 
between tihi heat conductivities of the substances involved. The heitt 
conductivity of a substance is its ability to conduct or absorb heat. 
Most metals are good conductors of heat (and hence at room tempera- 
tures feel cool to the touch) ; gases are very poor conductors. Wood 
and liquids are poor conductors, and certain kinds of stone are good 
conductors. "The heat conductivity of any substance depends on its 
molecular struotcu^ and on the sts^ ^ wh!<it it oeeu^; 

16. ^Eransfer of heat.^ — a. Types of hm§ ta^msfer.—Hmt ean be 
transferred within an objgei or from one object to another. Heat 
transfer by contact is known as "conduction." Heat transfer by 
proximity (nearness) occurs by a process known as "radiation." In 
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most cases of heat transfer, botli of these processes are occurring, and 
heat is transferred always from the warmer ohjecf to the cooler oh- 
jeot^ never the reverse. A third process of heat transfer, involving the 
movement of a heated mass of gas or liquid from one place to another 
in a larger m,ass of gas or liquid, is called "conTOctioiu'^ 

5. OonduGtion.-'-^i&sA, has already been described as the m^r^ of 
motion of the molecules of an object. When the cooling liquid in 
an aircraft engine comes into contact with a hot cylinder wall, the 
molecules of the objects strike against one another and part of the 
high energy of motion in the molecules of the cylinder wall is trans- 
ferred to the liquid. In this way the cylinder wall is cooled and the 
liquid is warmed. Similarly, the air rushing around an air-cooled 
engine during flight is warmed and the engine is cooled. Both of 
these examples illustrate the process of conduction. 

G. Radiation. — If the hand is held at a distance from any very hot 
object, heat is felt, although the intervening air may be cold. In the 
same way the sun transmits heat to the earth without any interme- 
^m\^ Medaaa. abe^ ttt .t^tt^.- ■■8iteffl^|ilE»l» Stt©i h#lit will pass. 
■toMli^-. gks® wl®Maitt -wmft^ it. 'When heat %. toMsferred 
in this way it is said to be radiated. Thus an aircraft engine in opera- 
tion is constantly transferring heat to its surroundings not only by 
conduction (by means of contact with the air and the coolant), but by 
radiation — a process in which objects at a distance are somewhat 
wnjined but the intervening air is not appreciably warmed* 

d, '&^&eMo^n>i — Most ^tibstaiioes expaMd when heated aiid thus be- 
coioe lighter per unit of volume. Water at the bottom of a kettle 
over a fire rises as it is heated, and the cooler water at the top of the 
kettle descends. Air passing over a hot stove likewise rises. In each 
case the heated fluid rises because it is lighter per unit of volume than 
the surrounding unheated fluid. Heat can therefore be transferred 
from one place to another by the tendency of a heated mass (of liquid 
lie ^s) to rige. This process is known as "convection." It is illus- 
trated in the operation of airplane -cabin heating units, the heat from 
which is distributed to a considerable extent by convectional air cur- 
rents. Currents of hot air rise and currents of cool air descend 
in directions determined by the locations of heater outlets and like 

l*?. dsiniitiiKffii »f heat tmiasier. — **. emiAmUm.^Tk% tpeii 
with whiclj heat is transferred to or from one substance in contact 
with another substance depends on the heat conductivities, area of 
contact, and temperature differences of the substances involved. Heat 
will pass very slowly from a warm block -of wood to a cool block of 
wood laid against it ; it will pass rapidly from a warm block of meWt 
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to a cool one laid against it. It will pass slowly from wood to metal 
or metal to wood, and still more slowly if only the corners (small 
areas) of the blocks touch. Obviously, the transfer of heat will be 
more rapid if the temperature difference between the blocks is great 
than if this difference is small. 

6. In radiation. — Various substances radiate heat or absorb radi- 
ated heat with varying degrees oi s|>fe©d. As with conduction, the 
speed of radiation depends to some extent on the conductivities of the 
substances involved, on the areas exposed, and on the difference be- 
tween their respective temperatures. To illustrate, metal radiates 
heat or absorbs radiated heat faster than wood; a rough surface 
radijates hm^ or al^bs radjalted heat faster thSQ a jsmoo^ machm 
(}mmm m^^mm mpmmm more area) | aM & M i^^ates 
heat faster to a cold object than a warm object would radiate it. 
Radiation also depends on the color of the surface involved. If a 
given substance has a dark surface, it will radiate more heat and ab- 
sorb more radiated heat than if it has a light surface. This is true 
htea^s^ a light snxdlii^ tends to V(e0!^ hm%. Uni^ % ^iMsei. i^tsi^ 
of altdsiliimHib will radiale or iliOii]! mlsMwt^j less hmt Ami a sheet 
with a dark-painted surface. UkeWise, a heater with a dark case 
would radiate more heat than one with a light-colored case. 

c. In convection. — The transfer of heat -by convection depends on 
the speed of motion, the quantity, and the heat conductivity of the 
substance. Air-eooM iemguies are cooled not only by conduction (con- 
tact of air and oil wMk the hot engine) and radiation, but by convec- 
tion (circulation of oil and the passage of air to, over, and from the 
engine). The more rapid the circulation of tJie air, the more rapid 
the cooling. Liquid-cooled engines similarly are cooled partly by con- 
vection (circulation of oil and the passage of the coolant through the 
cooling system). Again, the greater the quantity and the more rapid 
&1S dilation tte oil aM ^ eoolant, the icio!^ te0£L the cooling 
effect. In an airi^aft engine the d^ign of t&e eooHng s^^m is l^ised 
partly on the calculation of convectional factors involved. Likewise 
the design of any air heating system will involve calculations as to 
directions, speeds, and quantities of air to be circulated. 

18. Changes of state. — a. General. — ^When a substance is changed 
to or from the form of solid, liquid, or vapor, it is said tliat ft *^ange 
of state" taki^ place. Tito melting of ic© and freezing oi wate^, the 
evaporation of gasoline, the condensation of water vapor in the atmos- 
phere, are all examples of change of stat«. In all changes of state, 
heat is involved, being absorbed or given off in certain quantities 
determined by the properties of the substances, temperatures and, in 
some cases, pressure conditions. 
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h. Fusion. — Fusion or "melting" is the change of state from solid to 
liquid. The temperature at which any substance melts depends on its 
molecular structure ; that is, on the amount of heat that must be ap- 
plied to speed up the motion of its molecules to such an extent that 
the substance passes from the solid to the liquid state. Thus the 
melting point of ice is 32° F. (0° C). The amount of heat required 
to change merely the state of a substance from solid to liquid without 
changing its actual temperature is the "heat of fusion." The heat of 
fusion of ice is 80 calories per gram, since 80 calories of heat are 
required to (diange a gram of ioe at 33° F, to -waker at 82° F, 

0. BdUMfieeMon, — Solidification is the reverse of fusion. It is the 
change of state from a liquid to a solid. During this change from a 
liquid to a solid at the same temperature, the same amount of heat is 
given otf as it takes to change the substance from a solid to a liquid. 

d. Evaporation.^ — Evaporation is the change of state from liquid to 
vapor. When a liquid is evapomted in air, the particles of vapor 
mm^ the space betw^n the particles of air^ At my pven atmos- 
pii^c temperature and pressure, there is only a certain amount of 
gpace in the air for vapor particles. When all this space is occupied, 
the air is said to be "saturated" and evaporation ceases. The amount 
of heat necessary to change one gram of a liquid to vapor at the same 
temperature is caEed the "heat of vapoiisaiMott.^ Meat of vaporiza- 
tion, like heat of fusiorn, Is different for different substances. The 
amount of heat necessary to change 1 gram of water at 100° C. to steam 
-at 100° C. is 540 calories. 

(1) One factor which affects the rate of evaporation is the tempera- 
ture of the liquid being evaporated. If this temperature is high enough 
for evaporation to be accompanied by the formation of bubbles of 
vapor in ihe liqtdd, Ib^ liquid is said to be "boiling.'^ This temperature 
is called the "boiling point" of the liquid. The boiling point, Jlike the 
freezing point, is different for different liquids. The boiling point of 
a liquid is affected by pressure. For instance, pure water will boil at 
212" F. (100° C.) at sea level, whereas it will boil at a much lower tem- 
perature at high altitudes. This fact is one of the determining factors 
In #ie <^oi<si^ of oo^lanfes $m jmSmm. airplanes, igaoi^er factor in the 
dhoice of a HqiM §0is ism im. codlug ^^^it^ani is ilhe j^ict itiat the boiHtig 
point of a liquid may be raised or lowered by mixing it with another 
liquid. 

(2) Evaporation has a strong cooling effect, because of the heat 
absorbed in the process. This cooling effect is partly responsible for 
iij^ %mml^im i»f 1^ m ^xmmMk 

■0. 0mMmsm$mh'-^^'^^^ is the change of state from vapor to 
iiquid. During tMs process the same amount of heat is given off as is 
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absorbed when ehange fmm a liquid to a vapor takes place. Thus, in 
condensing, a gram of water vapor at 100° C. gives off 540 calories of 
heat. The temperature at which water vapor in the atmosphere con- 
denses is called the "dew point." Rain, snow, and other forms of 
precipitation are forms of condensed (or condensed and solidified) 
water vapor in ^ aianosphere. 

/. SiAMmati&ii. — ^Sublimation is the change of state directly from 
solid to vapor. It also ii aflfected by temperature and pressure. Solid 
carbon dioxide, which passes directly from the solid to the gaseous 
state, illustrates the process. Some substances that sublimate, such as 
iodine, can be converted back from vapor to solid directly. Carbon 
dioside must first pass through the liqui4 itrntei. 

Bacmm III 
ELEMENTS OF FLUIDS 



General , — 19 

Pressure productlott and transaa(lSs^«sn fia lligti;ld&.^. — — 21 

Oases 22 

Pressure production nrid t tan emission in gases 23 

Cbanges of state 24 

Atmos^ere^. - — , . ■■ — . . 2S 



19. G^aeraL^ — A flnid is any substanee made up of very mall par- 
ticles, or molecules, which have the ability to flow or move easily. This 
d^nition applies to both liquids and gases. Liquid and fluid are 
terms often used synonymously, but fluid has a much broader mean- 
ing. All liquids are fluids, but many fluids, such as air and other 
gases, are not liquids. Liquids and gases do not have the same dis- 
tinguishing characteristics; nor do they follow mm© roles ©f 
behavior. Since this is true, it is important to study the laws and 
principles applied to each. 

20. Liquids* — ^The behavior of a liquid under various conditions 
is determined by its physical properties. Therefore, the physical 
properties determine the suitability of a liquid for some particular 
purpose. Among the most important physical properties of liquids 
are compressibility, thermal expansion, density, and spedfic gravity. 

(L CompfremibMii/. — 'When compres^d, a fluid occupies a smaller 
space or "^lume than when not ctuinpreissed. Wbm. (impressed, it 
has a tendency to return to its original volume and therefore exefto 
an outward force in all directions. Certain substances, such as sponge 
rubber, offer little resistance to being pressed or squeezed into a smaller 
space. Other substances, such as iron, so strongly resist compression 



19 



jmxT M& mmm 



that the reduction in volume is practically negligible. Liquids can 
be only slightly compressed ; that is, the reduction of the volume which 
they occupy, even under extreme pressure, is very small. If a pressure 
Df 100 pounds per square inch is applied to a body of water, the 
voliam will decrease <Mily three teri-thouS3.ndths of lis original volume. 
Since other liquids behave in about the same way^ liquids are usually 
considered incoittpeeisible. 

h. Thermal expansion. — ^Liquids usually expand when heated. 
However, all liquids do not expand the same amount for a certain in- 
crease in temperature. If two flasks are placed in a heated vessel, 
and if one of these flasks is filled with water and the other with 
alcdhol, it will be found that the alcohol expands much more than 
the water for tlie sam© rise of temperature. Kerosene and most 
oils expand more than water. Aircraft hydraulic systems, in which 
liquids are used, have provisions for compensating for this increase 
of volume in order to prevent breakage of the equipment. 

c. Density. — The density of a substance is its weight per unit 
of volume. It may be expressed in pounds per cubic foot. The 
weight of water is 62.4 pounds per cubic foot. The weight of kero- 
sene is only 50 pounds per cubic foot. Mercury, which weighs 849 
pounds per cubic foot, has a much greater density than either kero- 
sene or water. Iron has a density of 491 pounds per cubic foot. 
This is about eight times the density of water. 

d. Specific gramty. — The specific gravity of a substance may be 

defined as the weight of a certain volume of the substance divided 

by the weight of an equal volume of water. The relation may be 

Birprjes^d-as follows; 

„ -n density of the substance 

bpecinc gravity =- , ., » 

^ o .7 density ot water 

Because it is plentiful, wat^r has been chosen as a standard itma 
which the specific gravities of other substances may be calculataA. 
To simplify these calculations, the specific gravity of water has been 
set at unity, or 1. Specific gravities of other substances vary. Kero- 
sene weighs 50 pounds per cubic foot, or eight eenths the weight of 
water, and hence its specific gravity is 0.8,- while mercury, w&ieh 
weighs 8i@ ^0ttttdi psr cubic foot, hias a specific gravitjf of 1B.I. 

e. Measurement of specific gravity. — A body will sink until ife 
weight is balanced by the weight of the liquid it displaces. Thus a 
piece of wood with a specific gravity of 0.7 will be submerged to 
seven-tenths of its volume when floating in water. This principle is 
used in the hydrometer, which consists of a large glass tube con- 
tainSng a weighted bulb» When a liquid is drawn into the lower 
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md of the tube, the bulb floats. If the denslly of the liquid is high, 
more of the bulb will project out of it than if the fluid were of low 
density. Since the weight of the bulb does not change, it can be grad- 
uated (marked with a scale), and the instrument can be used to com- 
pare the densities of liquids. Since the specific gravity of any liquid 
is determitied by comparison of its density with that of water, the 
bulb is so graduated that it sinks to 1.000 in pure water, to yaluea 
greater than 1.000 in liquids having densities less than water, and to 
values less than 1.000 in liquids having densities greater than water. 
Thus, the specific gravity of the electrolyte in a fully charged battery 
is found to be between 1.275 and 1.300. Any reading below this 
figure iffl?ii©al€S Ifhat itte bitte^ to i«at completely charged. 

21 . Pressure prMticttoii and traiisimisidoiL i& liquids* — ^In 
cussing the production of pressure in liquids, it is necessary to deal 
with two distinct conditions — liquids at rest and liquids in motion.. 
Certain reactions have been found to take place when pressure is ap- 
plied to liquids at rest. These are commonly called "laws." 

a. The most important of these laws m that confined liquids transmit 
pre^ure equally in all directions. 

( 1 ) If a jug or a bottle with a neck 1 square inch in crc^-sectional 
area is filled with a liquid, and a force of 1 pound is exerted on a cork 
in the neck of the bottle, there will be a total force on the inner surface 
of the bottle equal to as many pounds as there are square inches of 
inner surface. Thus, if a force of 1 pound is exerted on the cork, and 
the area of tihe inner surface is equal to 50 square inehes, there will Im 
a f orc^ ©f 1^ poundg i^^^cAed against the tc^l iimer surf aee.' If iihe 
area of the inner surface is 150 square inches, the force will be 150 
pounds, since the pressure is equally transmitted in all directions. 

(2) By applications of this law, it is possible to produce tremen- 
dous forces in liquids by the use of pistons. The magnitude of these 
forces depends on the areas of the corresponding pistons. In figure 9, 
piston A has an area of % ^jmee inch at top and bottom. Piston B 
has an area of 10 square inehes at top and bottom. The two are con- 
nected by a pipe the diameter of which is the same as that of piston A. 
When a 5-pound force is applied to the %-square-inch. piston, the 
produced pressure will be transmitted equally to an area of 10 square 
inches on the other piston. Since the surface of the large piston is 
20 times that the small jjiston, the 5-pound force is applied W twkm 
over that surface. This prodiiwi a iotm of 100 poinds. Of coueii, 
the same pressure is applied in aJl cttrections and is, therefore, equally 
transmitted over the other surfaces of the large cylinder. Where 
great pressures are involved, the piston walls must be built of such a 
material that they will resist tlie force produced by this pressure. In 
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figure 9, there has been t resaltiPEiit dteroe of XQP pottm^a^ pl*CMi^e<@!3 from 
a 5-pound applied force. 

h. Another law governing liquids at rest is that the pressure in- 
creases "with the depth of the liquid. The total pressure on the bottom 
of a container filled with a Hqmd is equal to tSi wM^Sl>. ctf a «iGarot 
of that liquid which has the same bottoitL area as the bottom of the 
container and which is as high as the liquid is deep. 

(1) For example, the total pressure on the bottom of a cylindrical 
container with a bottom area of 2 square feet and a height of 2 feet 
would be 2X2X62.4 = 249.6 pounds (62.4 being the weight in pounds 
of 1 euM© foot of water) . The pressure per square foot on the bottom 
would be ortis-half of §40.6 or IMj pSttuds imA pressure per square 
inch would be li4.8 divided 144 or 03i pound (arRO© 144 a^uar© 
inches equal 1 square foot) . 

(2) Assume tljat a can has several holes punched horizontally near 
the bottom and several other holes punched one above the other to- 
ward the top. When the can is filled with water, the flow from each 
hole at ttie bottom of the can will be the same, but the flow from the 
holes Ipfsated onie abor© th4 other will not be the same* The lower 
thf holif!, ib$ strojiger the flow, because of the greater weight of watef, 
or pressure, above it. This example illustrates the fact that when no 
pressure is applied at the surface of a liquid, the pressure at any point 
in that liquid is dependent only on the depth and density of the liquid 
at tt|at point (density being W^tt tto liquid WuM of vol- 
ume). The outward pressure against the walls of the container in* 
(leases in direct proportion to the depth. 

G. A combination of the laws given in a and 5 above brings about a 
useful and interesting result. If a small tube and a large tube, both 
filled with the same liquid, are connected to each other, the liquid will 
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xemaln at the same l&vel in the inuill tube as in the large tube. *thtm^ 
wati^ in the spout of a teaketde seeks the same he%ht as the water m 

the kettle. For the same reason, the faucet of a water pipe connected 
to a standpipe of great height must be able to resist great pressure. 
If an ordinary wooden cask is filled with water and an upright steel 
pipe 1 square inch in cross-^ctional area and 30 feet high, also filled 
wi& water, is connected to the ^led cask, the pr^snire on the inside 
gttfili;i@e of ihe mA isDl )m wiej large, perhaps en<oi^ to bnrst the 
cask. The two laws of fluids at rest are in effect. The pressure at 
the lower end of the pipe is equal to the weight of 360 cubic inches of 
the liquid and is transmitted equally in all directions inside the cask, 
thus producing a total pressure the magnitude of which is dependent 
onl^r on to height of the water in the pipe. 

d. Most peoftle haic® used the duaule jadk, m applied #i^e h^^di^m* 
Ko automobile brake, with little thoug&t of the principles by which 
they operate. A practical illustration of the hydraulic jack is shown in 
figure 9. A force of 50 pounds on the small piston the area of which 
is only 14 square inch will produce a force of 1,000 pounds on the larger 
piston, ffce area of which is 10 square inches. Mowever,, if a body 
weijj^inf 1,000 ;|^ounds w^ to be raised by the liarge liiston, tibe scnaller 
piston would have to travel a distance of 10 inches to force the body 
up 1/2 inch, because the amount of liquid forced out by the small piston 
would be spread out over the large piston's surface of 10 square inches. 
Of course, when the small piston reached the bottom of the cylinder, 
the larger piston could not be moved higher. The apparatus shown 
in Ggare 9 would not be very u^fnl, because a body could be rai^d 
only to a limited height. To make a more useful apparatus, a reser- 
voir would have to be provided, to supply the hydraulic fluid to be 
pumped to the larger piston, and check valves would have to be pro- 
vided to regulate the transfer of the fluid. 

e. In figure 10, a more practical hydraulic system is shown. The 
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hydraulic fluid is supplied from the reservoir C to the hand pump P, 
which forces the fluid into cylinder A. Valve F prevents the fluid 
that has been forced into the cylinder from returning, and valve E 
permits additional fluid to enter the pump and also prevents fluid 
whidi has enteaBd the pump from being forced l^ac^ intorthe iti^i^oir. 
The pttmp can be operated, fialal pistotL D hm moved the desired 
height. The rate of movement of piston D will be determined by the 
rate at which the pump forces the fluid under it. The faster the 
fluid is forced into the cylinder, the faster the lifting rate will be. In 
aircraft, hydraulic systems are used for operating retractable landing 
gear, landing flaps, hydratlBc brak^ apd lor many other mechanisms. 

22* Gases. — a, B^p^^im* — A is mj substance in which the 
molecules (very small particles of which it is composed) are separated 
by relatively large spaces. We live at the bottom of an ocean of air 
which is a mixture of gases — mostly nitrogen, oxygen, carbon dioxide, 
and small amounts of other gases, including some water vapor. The 
principal difference between liquids and gases is that while liquids are? 
cQmost incompressible, ga^s are very compressible because of the large 
spaces between the molecule. 

6. Compressibility. — Gases not only are very compressible, but they 
expand much more than liquids when heat is applied. Although air 
is not ordinarily considered as a gas, it is a gas to which the gas laws 
may be applied. Since the particles of a gas are widely separated, 
mm a. slight pr^Ecei wpm a coafined gas will cause the particles to 
come dc^i^ t^etheri 11 is a simple illustratian of the com- 

pressibility and elastic qualities of a gas. 

0. Pressure-volume relation at constant temperature. — In figure 11, 
the pressure in a 12'inch cylinder with an airtight-fitting piston is 
15 pounds per square inch. Suppose the piston is pushed down so that 
the gm is c^|i£@^@i into only 6 iticte of the cylinder. None of the 
gas is loit in this pmrnm^ bat it is oceupf iag mij me-hftlf the wlame 
it occupied before. Hence &e pressure on the inside of the cylinder 
is increased to 30 pounds per square inch, or just double the original 
pressure. Suppose that still more force is exerted on the piston, and 
the gas is compressed into 4 inches of the cylinder. The pressure of 
the gas on the inside becomes pounds per square iseh or Ihree 
times as great as it was in the be^tmlag, mit the Tolume has decreased 
to one-third the original volume. In conclusion, it can be stated 
that the volume a gas occupies is in inverse proportion to the pressure 
exerted upon the gas, if the temperature remains constant. 

d. V olume-temperature relationship at constwnt pressure. — In dis- 
cussing figure 11, it was assumed that there was no change in the tem- 
perature of the ^s. Actually, the volume of a given quantity of gas 
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and pressure on it are strongly aflPected by temperature changes. The 
lower the temperature of a given quantity of gas at a constant pres- 
sure, the smalls ihe ^a.c6 it WiH occupy. A gas will expand when 
heat is ap^died, as m obvious when a rabbid? bailooa is placed over a 
heated stom Tb& gas or air mmi-e 1^ bitllcm will island as its 
temperature is inei:%ased. Iii figure 12, noiU^ that as the t^pera- 
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FiGUSB 11. — ^Fressure-volume relatioiisbip of gases. 

ture of the gas increases, the volume of the gas increa^ likewise. 
As the gas expands it pushes the piston back, until the pressure of 
the gas equals the pressure exerted by the piston. In this way the 
pressure inside the cylinder is kept constant at 15 pounds per square 
inch. In figure 12 ©, the gas takes up a space of 12 inches of the 
(g^Wter ifittd km « |i9?wiii:ei of W perods per squari Io#l fit Ite pre- 
Tailmg ^mpemture. As the temperature of the gas is increased 
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(fig. 12 (D) the piston moves back in the cylinder to compensate f or 
m hmmw^ in ol tim ^m. If Ihe t^faf sHi^e is farther in- 

creased, the volmn® will likewise increase (%. li ®) . It may be 
stated, therefore, that the volume of a gas will increase in direct pro- 
portion to the absolute temperature if the pre^ure remains the 
same. 

e. Presswre-temperature relc^ionsMp at constant volume. — Suppose 
that in figure 12 @ the piston had not been allowed to move back. 
The volume would tend tp iiiorei^ Ijut ijouM boI do m 1lMrgfw% 
the pressure on the inside of the cylinder would increase. A further 

I m. Ft efts 

15 LBS. PER. SD. IN. 




TEMPERATURE INCREA^ 

VOLUME INCREASED- PRESSURE SAME. 




TEMPERATURE FURTHER INCREASED 
VOLUME FURTHER INCREASE)— PRESSURE 9AME_. 




FiauBs IM, — ■3'einpeFatBEe' volume relatloBBMip of jgasos. 



Sq^^^ Iql teanp^te^ (mib ^e piston h^id s^tiQuary) would caside 
an additional increase in pceigure. It may be stated, theref oi^, that 
the pressuws of a iPUt "?aiies directly with its temperature when the 
volume of a gas remains constant. It should be remembered that when 
actual preSHure or volume is being computed, absolute temperatures 
must be used. 

^3. !F]*e0Siixe production and triinsznissian in gase^— Ithe 
laws which govern pressure transmission in gas<^ are essentially l^e 
same as those governing liquids. However, pressure transmission in 

gases will not take immediate eflfect. In figure 13, a great pressure 
can be produced by the piston in the cylinder of the pump as the 



26 



APPLIED PHYSrcS FOR AIRPLANE MECHANICS 



23-26 



polU%i^ is suddenly moved downward. However, since gases are eom- 
pressible, the pressure produced in the storage tank will not be equal 
to the pressure produced in tlie pump. Thus, if the pressure in the 
storage tank is 30 pounds per square inch, the pressure in tlie cylin- 
der of the pump must be a little more than 30 pounds per square 
inch in order to force the gas into the tank. Suppose that when the 
piston is suddenly pushed down in the pump, a pr^ure of 85 pounds 
per iqmre inch is applied to the valve D. This does not mean that 
there is a pressure of 35 pounds per square inch built up on the in- 
side of the pressure tank; it will take several strokes of the piston 
to build the pressure inside the tank to 35 pounds per square inch. 
Whm a pmmm of il pounds squitre in<& inMM t^e tank is 
reached, it is mmmsm^i^ mpplf a still greater pressure to the valve to 
force additional air into the tank. However, the pressure in the tank, 
will be transmitted equally in all directions inside the tank. 




riGUHB 13. — Simple air pressure system. 



24. Changes of state. — It is possible to increase the pressure of 
gas inside a storage tank to sucli an extent that the gas particles will 
be so compact that the gas becomes liquid. When this limit is reached, 
no more gas @aa be mm^rn^^ jM^ ^rage tank, since liqui^^ mm 
pfiti^i^ally imsompi^^Etble. Great quantities of gfis cun be stor^ in 
a few cubic feet of space under such high pres^JTS. The greater the 
pressure in the tank, the more dense tlie gas becomes. Only a few of 
the gases used in aircraft are compressed into a liquid state. In a 
carbon-dioxide cylinder, approximately threa-fourths of the gas is 
changed into a liquid state, the remidnder eidsting in a gaseous f omi 
in the upper part of the cylinder. When the cylinder valve is opened, 
the presHiu o of the gas forces the liquid out. As the liquid leaves the 
cylinder, the pressure decreases and the liquid changes to a gas. 

25. Atmosphere. — a. Definition and description. — The atmos- 
phere is the envelope of air surrounding the earth. This envelope of 
air extends to about 200 miles above the surface of the earth and is 
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deeper at tho Equator than at the poles. The atmosphere is divided 
into t-vYO parts — the troposphere, or atmosphere below 36,000 feet, and 
the stratosphere, or upper portion of the atmosphere. The tropo- 
sphere eoiilaiaS #)Ciiit Ibafii^ (by weight) of thfe toM atJEMi- 
phere. la the stratospte©, which consists of thinner air, the tem- 
perature is constant and only horizontal air currents occur, because 
of the rotation of the earth. 

5. O omposition. — Air is a mixture of gases, ordinarily consisting 
of approximately 21 parts oxygen and 78 parts nitrojjen, plus very 
small parts of other gases, primarily water vapor and carbon dioxide. 
There is no chemi<ml union between these gass^ and the composition 
of air in open places remaMs almost constant. 

0, W^ht. — ^The weight of the gases which compose the atei<KiP'h€3?© 
exerts a pressure against the surface of the earth. Thus, any area on 
the earth supports the weight of a column of air which extends above 
it for a disthnce of 200 miles, or the depth of the atmosphere. By 
direct measumnent it hag j^n ^mtyi that m area of 1 square inch at 
s^ level support a vertical eoluim of air that weighs 14.7 pounds. 
At higher altitudes this force is less bicaus© the column of air sup- 
ported is shorter. Therefore, the pre^ure exerted by tlie weight of 
the atmosphere on any area grows correspondingly smaller with any 
increase in altitude above sea level, because of the lessened weight of 
the column of air that rises vertically above it. 

d. Megmremmi of atmospke^ pressure. — (1) Btam air hs» weight, 
it exerts force against any Surface immersed in it. it ioieth^ of 
measuring atmospheric pressure is illustrated in figure 14. A tube 
nearly 3 feet long and closed at one end is filled with mercury. A dish 
is half filled with mercury. The open end of tlie tube is closed with 
the finger to prevent the escape of mercury, and the tube is inverted 
and placed with its open end below the surface of the mercury in the 
did^, Then the Hmger is withdrawn, Tkm mercujrf in the tube sinter 
until it stands at a height of about 30 inches above the mercury level 
in the dish. Thus the pressure of the atmosphere on the mercury 
in the dish supports the column of mercury in the tube. If the pro- 
cedure is performed at sea level, it will be found that the atmosphere, 
becftUit of iti weight, will support a column of m«cury approxaaatiely 
30 inAes high. This is equivalent to a pressure of 14.7 pounds per 
square inch. 

(2) If this tube of mercury with the dish is carried to a higher 
elevation, the level of the mercury in the tube will drop, because air 
pressure at higher altitudes is less than at lower altitudes. 

(3) Instruments lot the measutemeat of atmospheric pressure are 
known as "barometei^.** A tube of mercury or any other liquid is one 
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Mst^ qI |ia^iicu@t^> ^ose ia mo^ Gommon use employ an aneroid or 

pressure-sensitive capsule. 

e. Variations of atmospheric pressure. — Air pressure is not con- 
stant, but the average daily variation in any locality is usually small. 
However, local conditions may cause relatively large variations oyer 
a larger area. 

(1) Six factoid may influence the condition of the atmosphere at 
any time or place : temperature, pressure, humidity, wind, clouds, and 
precipitation. The height of the mercury column of a barometer may 



MERCURY 




ATMOSPHERIC PRESSURE 
ON EXPOSED SURFACE OF 
MERCURY IN THE DISH 

(l 4.7 LBS. PER. SQ.IN ) 



vary considerably in localities at the same elevation, the reason being 
that disturbances in the atmosphere affect the pressure at the earth's 

surface. 

(2) It has been found that a low or rapidly falling atmospheric 
preig^xre iM ti^aEiy accompanied, or mm followed, by ^tmy &mMr 
tions. Hence the biifometer is of <3onsiderabIe tefi^rlanee & lore- 
casting weather conditions some-hours ahead, although weather foi!©- 
easts are based only in part upon barometric readin^js. 

/. Dew point and humidity. — (1) Dew point. — The temperature 
to which the atmosphere must be cooled in order that the water vapor 
within it may begin to condense is called the "dew point." At night 
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certain objects may lose heat more rapidly than others, and warm 
moist air may come in contact with them ; then water vapor in the 
air is condensed and deposited on these objects. This moisture is 
dew. The dew point depends on tiie tempetature, pressure, api liu- 
midity of the atmosphere. 

(%} MwmdUy. — ^Humidity may be defined as the amount of water 
vapor present in the air at any one time. There is less than one- 
third of 1 percent (0.003) water vapor in the whole atmosphere, but 
conditions of pressure and temperature of the air at various places 
on Wm earth's mTfym wm^ WMm ib.® air to conti^m m mncli water 
"tsepor m possible witltotil 1^ b^jig precipitated. When such a con- 
dition msm^f ^e air is said to be "saturated." "Belative humidity" 
is the comparison of the amount of water vapor present in the air 
with the amount that would be present if the air were completely 
saturated, temperature and pressure remaining constant. If, at a 
given time, the air is only half saturated, the relative humidity would 
be 60 percent. Bince humidity affects the occurrence of rain, snow, 
clouds, frost, etc., records of hmnidity are kept carefully for aero- 
nautical purpose. 
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26. General. — a. jResistance of air, — The fli<?ht of an airplane de- 
pends on the fact that air has weight and substance, and therefore 
tends to resist the passage of any object through it. The manner 
in which an airplane is held up in the air (against the force of gravity) 
and is steered can be made clear by the use of simple illustrations. 

(1) If a flat piece of cardboard is pulled rapidly through the 
air, flat side up and edge for@M@^ little air resistance is noticed. 
That is, the air particles are easily separated by the sharp edge. 
Now, if the leading (forward) edge of the cardboard is tilted upward 
slightly, more air resistance will be noticed when the cardboard is 
moved (because a greater area of cardboard opposes the air) and 
the cardboard will tend to rise as it moves forward. If the leading 
edge is now tilted downward, the <^rdboard will tend to move down- 
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waxd its it moTes forward, B'ijui^y^ if tJi© ^lerdboiki^ m held T©r- 
tically and e^t^ fmm^c^i ^0 leadlx^ tilpi tomed ^i^l^j 
sideward, wkm pulled forward the cardboard will tend to liaoYe 
sideward as well as forward. 

(2) The reason for the deflection, (upward or downward or side- 
ward movement) of the cardboard when tilted slightly is a difference 
in the air resistance produced on opposite sides of the cardboard 
when it is moyed. When ft is tilted upward, greater afc resistance 
is produced on the under side because this is the side oppoaaig #ie 
air. On this side the air becomes denser (the particles move clever 
together) when the cardboard is moved against it; hence it exerts 
more resistance or pressure on the cardboard. Since the air pressure 
is now greater on tlie under side than on the upper side (which is not 
opposed to the air), the cardboard rises somewhat as it moves for- 
ward. The same thing happens when the cardboard, held "Pertically 
with a slight sideward turn, moves sideward- In both eases, there 
is a difference between the air pressures on the two sides, with the 
^i^ter pressure pushing the cardboard in the direction of the smaller 
pressure. 

6. Prin-ciples of flight. — The flight of an airplane depends on such 
a difference between air pressures. The blades of the propeller are 
so designed that when they rotate, their shape and portion mwst & 
higher air pressure to be built up behind them than in front of them; 
hmM lite aifpl^e is pulled f (»rward. This forward force is called 
**thTUst." The wings are so designed tiiat they convert part of the 
air resistance into an upward force, or "lift," which keeps the air- 
plane in the air against the force of gravity. The control surfaces — 
ailerons, rudder, and elevators — are so designed that when they are 
tilted in certain ways, the course of th,e airplane is changed accord- 
^il. 

27. Airfoils and ^rf oil sections. — ^Any part of an airplane that 
converts air r^stan(% into a force useful for flight is called an 
"airfoil." The propeller blades, wings, stabilizers, eolttrol ma^ 
faces are all airfoils. An "airfoil section" is a cro^ section of an 
airfoil. 

28. Aerodynamic principle of airfoil.— a. Lift. — Figure 16 
shows the airfoil section of a wing, with air flowing over the upper 
and lower surfaces. The upper surface of the wing has a curved sur- 
face. It will be noticed that the lines representing the flow of air 
are farther apart over the upper surface than they are under the 
bottom surface of the section. Where the lines are widely spaced, 
the density of the air is less than where they are more closely spaced. 
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This difference between the air densities is due to the fact that the 
impact of the air particles on the curved surface tends to separate them 
more than they are separated below the wing. Since air exerts pres- 
sure in proportion to its density, the pressure on the under side of 
the airfoil is greater than on the curved side. The difference between 
these two pressures results in a force (lift) exterted upward against 



AIRFLOW 




Wi&mm %S. — ^AlcfoE seietion diotriiig &tr Aim, 

the section. It is this upward force against the wings that keeps an 
airplane aloft despite the downward pull of gravity. A similarly 
caused difference in ]3ressures on the control surfaces of an airplane 

changes the attitude ol: the airplane. 

b. Drag. — Not all the air resistance encountered by the airfoil is 
converted into lift. Some of the resistance remains to hinder for- 
ward motion. Figure 16 shows how the air, broken into two streams, 
|)j*odnee^ hcA lift and dieag. 
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0, Fmtem gm<imfytf mtS ^ag. — The design of aai airfoil for 
maximum efficiency is a complex and difficult problem. Lift and drag, 
the two forces into ■which air resistance is convei'ted, depend on the 
following factors: 

(1) Angle of attack. — Up to a certain limit, the greater the angle 
of afcibaek (the tilt above or below the horizontal) of an airfoil, the 
greater th© lilfe i^oduced. I>rag £ubo increases when tl:^ an^f of attack 
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is increased, because of the larger area of the airfoil opposing the 
air. Beyond a certain angle, called tlie "critical angle of attack," lift 
increases little and then begins to decrease, while drag continues to 
increase rapidly up to an angle of pi®* The reason f ihe dicrease 
m lift and increase in dfag el 'm^lm. @leatier than the eritiGal angle 
is turbulence of the air around the airfoil. Turbulence is the exist- 
ence of eddies of air which break up the pattern of the airfiow on tha 
upper surface of the wing. This increases the density of the air on 
top of the airfoil and thus decreases the effective upward force and 
increases the friction between the airfoil and the air. A condition 
of turbulence is shown in figure 17. 

(2) Velocity. — ^Th© velocity with which air flows over the aii-foil 
also affects lift and drag. The greater the velocity, the greater the 
lift apd di'ag tend to be. 
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f looBH It. — i&lrfoil seetion showing tttrbulene©. 

(3) Area. — The lift developed by an airfoil is determined also by 
its area. The larger the area, the greater the lift. 

(4) Shape, — The shape of the airfoil surface also affects lift and 
drag. Ordinarily, square edges tend to cause increased drag. The 
angles of the leading and trailing edges to the direction of the airflow 
are also important factors. 

(5) Smoothness of surface. — An airfoil with a smooth surface de- 
velops more lift in relation to drag than an airfoil with a rough sur- 
face. A rough surface tends to produce turbulence, which, as has 
been seen, reduces lift and increases drag. The importance of a 
smooth surface acccnmts for the great care given to the polishing of 
iurfaces on an airplane. 

(6) Altitude. — The envelope of air surrounding the earth becomes 
rapidly thinner with increasing altitude. The velocity of the airflow 
over the wings (that is, the speed of the airplane) or the area of the 
airfoils, or both, must therefore be reliJiyftlf jptttae at higher alti- 
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tudcs to produce the necessary lift, since the pull of gravity remains 
practically the same as at lower altitudes. 

39. Wings. — The wings are those parts of the airplane which, by 
developing lift, keep it in the air against the pull of gravity. Each 
different type of airplane demands a particular type of airfoil, dB' 
pending i^jpta till wdij§kfe «f the plane, operating speeds, loads to be 
carried, necessary maneuvers to be executed, altitudes to be reached, 
climbing speed desired, and other factors. The design of the wing 
is, in short, a part of the design of the whole airplane, and must be 
iwifiitettfc with that feign. Figure Ul ^kmm aliMI iMttets ^ 
several types of wings. 




® General purpose. 




FiecEE 18i — ^Typical wing seotiona. 

30. Oontrol surfaces.--^ AUefom. — The ailerons, which are 
approximately rectangular, movable surfaces located horizontally on 

the trailing fj^Kcf i^^l of the wings (fig. 19) and on the lower wings 
in biplanes, give the pilot lateral control of the airplane. When 
manipulated, they cause the airplane to roll to either side, or to re- 
cover from a rolling motion. These airfoils are adjusted so that when 
one is tilted downward the other is tilted upward, iaosing one wing 
to rise and the other to descend. They operate on the same airflow 
princii>le as the wing. The aileron which is tilted downward from 
the wing cttHttes this wing to nim^ while the airflow over the upward- 
tilted aileron is such that its wing is caused to descend. Like wings, 
ailerons are designed according to the needs of the particular airplane. 

h. Elevators, — The elevators (fig. 19) which are movable airfoil 
surfaces at the tail of the airplane, move upward and downward to- 
gether, and give the pilot vertical ( upward and downward) control. 
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When the rear edges of the ehn^ators are turned downward, the air- 
flow causes the nose of the airplane to move downward; wlien the 
rear edges are turned upward, tlie nose of the airplane moves upward. 
Elevators, like wings and aiteeaa% ate designed ilii^^eMly lea? liiffiip- 
ent types of airplanes. 

e. Rudder. — Tlie rudder (fig. 19), is another airfoil which is lo- 
cated at the tail. It gives the pilot lateral (left and right) control 
of tlie airplane. When its rear edge is to the left, the moving air- 
plane moves toward the left; when the rear edge is to the right, the 
airplane moves toward the right. Thus the rudder completes the 
control surfaces which the pilot needs in order to manage ihe airfili^ 
m all attitudes, or positions, of flight. 




PiGORB 19. — €J»«trot entSsiGes of an airttlaiid. 



31. Propeller. — a. Purpose. — The propeller operates as an airfoil 
in a somewhat different uuumer from the wings and control surfaces. 
While the wings provide lift and the control surfaces determine direc- 
tion, the propeller, turned by the propeller shaft from the engine, 
pulls tibe lirplme! ftirward. 

h. Principle of operation. — The propeller blades are constructed 
with a slight twist. As they rotate (fig. 20) their leading (forward) 
edges "bite" into the air, causing high air pressure to bo built up on 
their rearward sides, which are the sides opposing the air. This 
pressure ii ^i^feed partly forward (corresponding to lift) and h&tm 
the blades pull the airplane forward. The problem of avoiding too 
Mgh pressure toward the ends of the blades, because of tlie more 
rapid rotation of these parts, is solved by tapering the blades. The 
taper also serves to minimize turbulence. 

0. Angle of attack. — Like the wing, the propeller functions satis- 
factorily (develops a good pulling force) if the angle of attack is not 
too large. Too large an angl© results in increased drag, increased tur- 
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bulence, and decreased thrust, besides strain on the engine. Since 
elBdi^t mgle> of attack of tlie blades will dep^d «m w|y^b<^ 
tb« airplan© is climbing, d@s@iin!#n]|5 m Immi, 'ppopellers Iiam been 
developed with controllable bM©!* tt© blades of these propellers mo. 
be set at the desired angle by means of controls located in tlie cockpit. 
Large angles of attack are used in descent, slight angles in climbing, 
and intermediate angles in level flight. This control of the blades 
results in more efficient use of the power developed by the engine* 




32. Parasite resistanee."— 'O&e 0|d|' |»&rtg di mk mej^mm designed 
to c^t^ett air resistance into useful fox^e are the winig^, itabilizers, 
control surfaces, and propeller. All other parts of the airplane tend 
to retard its flight because of the resistance of the air to their passage. 
This kind of retarding force is called "parasite resistance" (parasite 
drag). In order to reduce it to a minimum, the airplane designer 
incluie^ s^ ma&y pmiB &M pi^Me witibiiL tlie mam fracture of the air- 
plane, m^S, streamline this structure. Parts which must nece^arily 
be outside or partly outside the structure, such as gun turrets, are 
likewise streamlined in a manner consistent with the streamlining of 
the whole structure. All surfaces are kept as smooth as possible to 
avoid the creation of tiny eddies of air that would produce extra drag. 
Esreary pound of resistance avoided is a pound of force gained to push 
the airplane forward. 

33. Stability. — It is obvious that during flight the various parts of 
an airplane produce air currents in many direetions, in addition to 
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already existing currents. These currents affect the flight of the air- 
plane to some extont. An airplane must be constructed as a whole, 
therefore, in such a fashion that the air currents existing about it when 
it is ill tight «^ not make it difficult to keep under control. An air- 
plane so constructed is said to faave sa^^aetory **^b0i^j^ or tendwoy 
to recover from momentary deviations from normal fliglLt. 
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34. General. — a. U^es and advantages. — In modem aircraft, the 
chief interest in electricity lies, first, in the means of transmitting it; 
second, in the. ways in which it is used to produce active forces; and 
third, in the inai^y ©onvwsient of fwodil^g It. Bl^trical power 
g@n[emtid by c^hewi^l ciUs, generators^ and mapniilQ^ Is miks 
quickly delivered by ©oi]winctors to any point where it is transformed 
into heat, light, or mechanical work. 

h. Nature of electricity, — The exact nature of electricity is un- 
known. However, its elfects, the laws governing its action, and the 
tatteiils of measuring, contr<£^tM^| »nd using it aete well md^EitiNtd. 

(1) All matter is thought to be «Dttposed of positive and nepitive 
chargi^ of electricity. A body is in a stable or neutral state whlSIi ttit 
charges of positive and negative electricity in that body are equal. 
When a body is neutral, it is said to have normal or zero potential. 
Likewise, should a body become positively charged, it holds an excess 
of positive electricity and the potential is abO?ff normal. Since it 
is the tendency for all bodies earrying an electrical charge to become 
neutral, the earth may be considered as an ocean of electitidty in that 
it is the level toward wliich all electricity flows, in the same way that 
all water flows to the level of the ocean. Any electrically charged body 
put into communication with the earth, will, in time, be reduced to the 
standard or zero potential of the earth, just as water anywhere on 
earth will eventually find its way to sea leveL 
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(2) Since the zero of p^teaSttl M i Allllflit|? tstoi » 'Itttll. Ai; 
earth., bodies can be made to biew* Wt onl j opposite ehicgiis of elec- 
tricity toward each other, but also pc^itive or negative charges in reilar- 
tion to the earth. One body eaimot be charged with a quantity of 
positive ehictricity without an equal charge of negative electricity 
being established somewhere else, or vice versa. Because the sum of 
all equal positive and negative quantities is zero, the sum of all elec- 
trical charges in the universe is zero. 

c. Forms of elmtHoity, — Electricity, according to the nature of 
its eff;>ci , is found in three forms : static, dynamic, and electromagnetic 
wave. All these are of importance in aircraft, 

(1) Static electricity. — Static electricity is the result of charges 
being held upon bodies and discharged intermittently. These charges 
may be generated by friaction between certain materials; for example, 
glass and silk. The electricity thus produced normally remains at 
rest, but it will readily dissipate its energy when allowed to discharge 

-to some other body or to the ground. The discharge of static elec- 
tricity can be illustrated by bringing a finger close to a rapidly mov- 
ing leather belt running over a pulley. A momentary spark of con- 
st^i#PLM® inltniity will jump f rcTO the belt to the finger. The static 
i#it;rgis whieh accumulate on a vehicle must be considet*ed wheii one 
is filling a gasoline tank or hauling gasoline. The noss^le jon a gas- 
oline hiOSft shcmld be in contact with the filler opening on a vehicle 
before gasoline is pumped into the tank in order to ground the ac- 
cumulated static charges. A chain dragging from a gasoline truck 
permits charges accumulated by the truck to pass safely to the ground 
without sparking. Sparks from such accumulated charges Ixave re- 
sulted in disastrous accidents. 

(2) Pynomm electricity. — ^Dynamic elect rifity is the re'^ult of 
charges continuously supplied and discharged. It is electricity in 
motion, or current electricity, and is generated by chemical cells, gen- 
erators, and magnetos. It is capable of doing work and is used in 
the operation of aircraft electrieal equipment, sweh m the itartilig 
motor, lights, etc. 

(3) Electromagnetic wave. — Electricity in this fem is the ba^ 
of radio transmission and reception. 

35. Electrical circuit. — a. Defnition.—K system of wires or con- 
ductors over which an electrical current can be made to flow is called 
a circuit. The aimplest circuit consists of a contiliuoiis conducting 
path through a resistance from the positive terminal to the negative 
terminal of the source of electricity. In practice, this circuit may be 
made of wires connecting a battery with lamps, motors, heaters, etc. 

h. Flow of electricity* — Th^ action of electricity is quite similar 
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to the flow of liquids. Water flows under pressure due to a difference 
in water level. Electricity flows through a conductor under the 
influence of electromotive force due to a "difference of potential" be- 
tween the two ends of the conductor. Potential is the same as elec- 
trical level, and difference of potential is a difference in electrical 
IcTel. 

36. Hydraulic analogy. — a. Electromotive force. — As has been 
stated, dynamic electricity flows in a stream or current similar to the 
flow of water. An electric current flowing along a wire may be com- 
pared to water flowing tiarough a pipe. Water flows through a pipe 
if there is a differefi«^ la pressure betweea the two ©ads, m m 
210. In this case the difference in pressure is caused by a difference 
in level between A and B. In the same manner, electric current will 
flow through a wire if there is a difference in potential (electrical 



pressure) between the two ends, as there is between the A and B ter- 
minals of the battery in figure 21®. This electrical pressure which 
forces eI©<3Mci<^ ft^ugh a eiiaiit is kaowa m ^ile ctromotive force." 

t. OmmMi — ^The A temiilMl ctf tto halte^ 0%. 11®) is assumed to 
have a positive charge of elecl^eitf , aiMi the B terminal a negative 
charge of electricity. Using positive and negative for the designation 
of tlie the different kinds of charges gives a convention for fixing the 
direction of flow of electric current. An electric current is assumed 
to be a discharge from positive to negative just as water flows from 
Mgh to low levels. The greater the difference in water leyel, the 
greater will be the tendency of the water to se^ iiye ^ttine le^el. The 
same applies to the electric charge. This difference in charge is termed 
"difference in potential" or "potential difference," and the terms "high" 
or "low" potential indicate a large or small charge above or below zero 
or normal potential. 

(1) Waigr wil contOTi© to iow fcoii^ the pipe to® Ihsm % m 
longer any difference in pressure. This oeeurg when the water reaches 



BATTERY 




PtatJHE 21. — •"S'iow of electric current comparea to flow of water. 
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the same level at A and B (fig. 21(T)). Likewise, electric current "will 
continue to How through the wire until the battery runs down and no 
longer produces electrical pressure. Before this pressure is lost, the 
flow of electric current can be stopped by opening the sMteh juSfc sys fee 
flow of water can be stopped by closing the valve. 

(2) Water can bo forced to flow tlirougli a pipe by means of the 
pressure developed by a pump, as shown in figure 22®, and electricity 
can be forced to flow through a conductor by means of pressure devel- 




® Electrical pressure from generator causes current tO flow in circuit 
FiGUEH 22.— Pressure production in hydraulic anfl electric systems. 



oped by an electric gcaierator, as shown in fignre 22(a). In the water 
jeirculating mechanism the "rate of flow" is the amount of water being 
circulated in gallons per second. In an electrical circuit, the rate of 
flow may be measured in coulombs per unit of time. A coulomb is the 
unit of electrical quantity just as the gallon is a unit of quantity of 
water. When charge is flowing past a given point in a conductor 
at thB rate of 1 coulomb per second, the current is I wmpm^^ Figure 23 
shows a comparison <j| #©©trical and h^i^ramlie terms. 
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G. FoZifl^i.— The pressure that makes water flow is measured in 
pounds per square inch, whereas in an electrical circuit the pressure, or 
electromotive force, is measured in volts, A source of ejectromothe 
force is said to Imve 1 volt of electTical pressure when it will establish 
a cmrent of 1 amper$ m & conductor which hem a resistcbnce of 1 ohm* 

d, Beaiatame. — Tke resistane© of a conduetdir ttrnj ^ fsomgrni^ to 
the friction occurring between a pipe and the liquid flowing througli. it. 
The electrical resistance of a conductor depends upon its size, tempera- 
ture, lenfrth, the kind of material, and whether the conductor is smooth 
or rough. The electrical resistance of a conductor is measured in 
ohms. A conductor with 1-ohm lesistance allows 1 ampere of current 
to flow when a preiiiiie of 1 im^k, m applied across its ends. Wt&m. a 
practical point of view, it ^ould be remembered that the resistonm 
offered by 1,000 feet of No. 10 B & S gage copper wire (approximately 
inch in diameter) is almost exactly 1 olun. 




S^gtjKS 8S. — ^Compaftson of hyfirauUe with electrical termiB. 



37. Effects of electric ciirrent. — -An electric current flowing 
through certain circuits produces various physical, chemical, magpeti&, 
and physiological changes or effects. 

a. Heat and light.- — Heat is developed to some extent in any con- 
ductor through which electricity flows. The amount of heat devel- 
oped depends upon the amount of cuirent flowing and the resistance 
of the conductor. If the flow of current and the resistance ar© ittf- 
ficient, the conductor may become hot enough to glow with a wMte 
heat and give off light as it does in incandescent lamps. The heating 
effect of electric current is used in electric irons and toasters; and in the 
airplane it is used in electrically operated carburetor heating devices, 
airspeed tube heaters, and a variety of other devices. The fuses used 
in lighting and generator circuits bum out (when the temperature of 
the ism& wir© reachi^ f^e melting pcdi^ aaid c|>eo ti© einmitt pro- 
tect them against possible damage due to overloads. In all casps the 
heat produced in the conductor represents the use of electrical energy. 

1). Chemical effect. — The chemical effect of an electric current may be 
readily seen by connecting wires to the two terniinals of a storage bat- 
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tery and submerging the free ends in a glass of water in which a little 
table salt has been dissolved. Current passing through the liquid 
causes the water to break up into its two component gases, hydrogen 
and oxygen. The hydrogen gas lUCM^amalates in ifine bubbles around 
t^e negative wire and the oxygen goes to the positive wire. Sin<5e there 
are two voltunes of hydrogen produced to one of oxygen, and since the 
03Eygen combine readily with the metal of the positive wire (especially 
if copper wire is used) formation of gas will appear to take place 
chiefly around the negative wire, as shown in figure 24. This provides 
an easy method of distinguishing the positive and negative polarity of 
Kv© vmtm axtA ^^nmsmmg vheltor ^ c^xtenl supply is direct or 
alternating. In the case of alternating currentj the same amount of 



POSmVE WIRE -|- — NEGATIVE WIRE 




I<ietmig 24. — Betennining polarity by chemical reaction. 



gas will collect around both electrodes because alternating current is 
C€fi£^ti3lJ^ ^mnging its di^ecttei &i iow. 

^ Mm^m^ §ffmtj~-Th& magnetac effect of an electric current awy be 
readily seen by holding a magnetic compass needle near a wire that 
is carrying current from a battery. The current passing through the 
wire will cause the compass needle to turn at right angles to the wire. 
If a current from a battery flows through a coil of insulated wire wound 
around ttn iron bar, the bar will have an attraction for other pieces of 
iron. The iron bar is said to be '^magnetized,** and the strength and 
direction of this magnetism is in direct relation to the amount and 
direction (respectively) of current flowing. 

38. Electrical symbols and circuit conventions. — a. In circuit 
diagrams, the battery is represented by alternate long and short lines, 
a resistance by a zigzag line, connecting wires by plain straight lines, 
and coimections befceen m^ms and the Batlex^ m itoe wins wd, Wr 
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^^tam^s by small circles. These are circuit conveatdoncs used in illtHS- 
trating the theory of electrical circuits by diagrams. 

5. Electrical symbols. — ^In addition to the circuit conventions, certain 
symbols are necessary for representing electrical quantities in simple 
mathematical formulas. The standard symbols for these electrical 
qufttili^es are given in table 1. 



Symbol 


StiN^for— 




Rate of current flow in amperes. 
Electromotive force in volts. 
Eesist^G@ in ohms. 
Power in watts. 
Voliaaaeter. 

Preqaeacy In oyele$ per second. 


E 


B - 

P. - 


P _ 





I I |l) BATTERY "~~A/WV fiESBTOR, FIXED AMMETER 



oat 



■VajWETER 



■COMDENSER 



-mm NOT JOINEO 



39. GhX£)?^ ymir-^J^epii.U^ — (1) A. definite relationship exists 
between voltage, current, and resistance. The statement of this rela- 
tionship is known as Ohm's law. It may be stated as follows: the 
current in a load unit or circuit is equal to the voltage divided by the 

(2) The Felatictnthip between /, and B naity be remembered 

easily by using the devie© d^own in figure 25. If any egie of the 
symbols in the triangle is covered, the other two will appear in their 
correct relationship. For example, if E is covered, / and R remain 
with a multiplication sign between them. Therefore, E=IXB. Any 
ol&er value may be found by following the same procedure. 

^. AppMcation — voltmeter amd ammeter. — (1) ThB voltage and 
CUiMait of a circuit can be measured »©adily by a voltmeter and an 
ammeter. Although the two instruments are often similar in ex- 
ternal appearance, they differ mainly in their resistances. The volt- 
meter, containing a coil of many turns of small wire, measures the 
electrical pressure in volts. This unit is comaected directly to the 



48 



80-40 



teiminals of the load unit. Never connect a voltmeter in series with 
the other units in a circuit. The ammeter contains a coil of many 
turns of small wire connected in. parallel with a low resistance con- 
ductor* M mmmim ihe c^itreat §xm tn amperes and is inserted in 
seriiBB with &e circuit so that the current will flow through it. Figure 




VmvsB 36.— Oiim'S law tpeJaagle. 



26 illustrates the method of connecting an ammeter and a voltmeter 
in an eleetFical circuit. 

(2) The elecMcal resistance ql a circuit can Ibe calcuialiii meiuh 
uring the voltage and cuirent and dividing the yoltage in Tolte 
by the current in amperes. 




WiBvta 29k — An aoimeter sb& Yoltmetor eoBneeted ia tm cSeetrleal clircult. 



40. Electrical power. — a. Definition. — Work is done when a force 
acts m a ^ md mrnm it to move. Power is d^ed as the <time- 
rate o| 4cilug woi^^ and is indepexiidSEit &t tibe total work to be done. 
The unit of diectrlc power is I3m %att.'' One watt is defined as 
the power available when 1 ampere of current flows through a cir- 
cuit under an electrical pressure of 1 volt. Stated as a formula, 
power=voltageX current; or, using units, watts = volts X ampere 
This is sometimes expressed by using symbols, as P=EXl. 

i» MceampU. — The power required from a l^Tolt battery to sup- 




Ciwren^ of 2 amperes to the primary ignition circuit would be 
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12X2=24 watts. The watt is often too small a unit for convenient 
use, so a kilowatt (kw), is frequently used (1 kilowatt =1,000 watts). 
o. Some important relations in electrical power are : 

1 horsepower =746 watts or 0.746 kilowatt. 

1 kilowatt=1.34 horsepower (approximately). 

1 kilowatt of power used for 1 hour=l kilowatt-hour. 

41. Sources of current for aircraft purposes. — a. Storage hat- 
tery. — (1) The production of electric current by chemical action is 
perlmps the? oldest known method of producing dynamic electricity. 



EXTERNAL CURRENT 




FiGTTRE 27. — Chemical production of an electrical current. 



If two different elements are placed in an acid or alkaline solution 
which acts chemically upon one element faster than upon the other, 
a difference in voltage or electrical pressure will be produced. If 
these two elements are connected externally by a wire, an electric 
euxi^i^t mU flow through the eirciiit. (See i7.) 

(i) lis itoige ©sli m&d m. aircraft is a kiMl^adlL eeli* lb eoii- 
sists of two sets &i plates, known as "pos4Mir# smi "negative," 
placed in an acidproof container containing a solution of sulfuric 
acid and water. The cell is charged by electrochemical change when 
a direct current is passed through it from the positive terminal to 
the negative terminal. When the battery is used as a source of cur- 
rent, iiie Gh€ni@EU. 0mn^ Is wmmB&i mA i^e mU }mmmm il^faoatged. 
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A single lead- acid cell gives an electrical pressure of about 2 volts 
when fully charged. High current output can be obtained for short 
periods of operation. 

&. Generators and vfyagi\/&to». — (1) If an electric conductor and a 
magnetic field are moved in relation to each other, an electric current 
will be generated, in ttie conductor. This is accomplished in the mag- 
neto and the generator. Tlic generator is used in the airplane elec- 
trical system to keep the battery charged. 

(2) Ignition systems utilizing the magneto as the current source 
are used extensively in aircraft. A magneto is essentially a high- 
voltage genewtm 

e. Thermocouple. — ^The conversion of heat into electrical energy 
is demonstrated by the thermocouple. Heat applied to the junction of 
two dissimilar metals — for example, iron and copper — ^will produce 
a relatively sjftiall voltage across the outer ends, as ^otoq in figure 



IRON ^ 




M(LLI - 
AMMETER 



Figure 28. — Thermal production of electric current (thermocouple). 

28. This voltage is produced because of the difference in heat con- 
ductivity between the two metals. It is proportional in value to 
the difference in temperature between the junction and outer ends 
©if iaslals 1§ ^Ihe iw# ^^Ib are :©Qameofed by a wirs^ a current 
will flow throngh the wiic^ from the iron to the copp€a*| aad iiiis 
earreHJt can be measured by a milliammeter. The ^Mmmm$t0P is % 
low-range ammeter for measuring thousandths of an ampere, 

42. Series and parallel battery circuits. — In order to obtain a 
larger source of energy than is possible with a single cell, batteries are 
usually composed of several cells acting in. mison, dills may be con- 
nected in series or in parallel to raise the volfea^ or carrent f» tlie 
desired amotint. 

a. Series circuits. — Battery cells are connected in series when a volt- 
age greater than that produced by one cell is desired. An aircraft 
electrical system is often designed for 12 volts. Since the single stor- 
age cell gives only 2 volts, six cells are connected in series (fig. 29) to 
give ttoe die^ffii potential iif IS wits. The |K]i#tlve (+) term&ml of 
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one cell is connected to the negative ( — ) terminal of the next so that 
the cell voltages, acting in the same direction, are added. Since the 
current is the same through all of the cells in the series, series connec- 
tion does not increa^ tijfi value of th& emrent avaiiable. Tlte T^llsi^pe 
drained by sem^ eonnecti^ k smi of the voltages &i tlm 
ual units, and the curirent obtained is the average current of the in- 
dividual units. 

















®1 














©ye 





.12 VOLTS. 



Fiduan 29. — Gell cnnneetloii^ fdr a 12-TOlt storage Imtterf. 

h. Parallel circuits. — Battery cells are connected in parallel when 
the device being operated requires a current larger than that furnished 
by one iea* wittn i eorriiat otitput eqimJ to ifliat #f mm ©ell is desired 
for long feMods of "iine. *rlie resnlts oi^ti^ingd by ppt^ilM connection 
am the reverse of those obtained by series connection. Like terminals 
ft^e connected in parallel operation. A comparison of series and 




so. — Fiye dcy cells coD^ected in series. 

parallel connections is shown in figures 30 and 31. The current ob- 
tained by parallel connection is the sum of the currents of the individ- 
ual units, and the voltage obtained is tJie average volta^ of tihe 
individual units. 

c. Series-parallel ciroiidts. — ^When a large current is required at a 
voltage above tliat of a single cell, the series-parallel connection is 




I^n^ra SI. — i^re dry cells connected In paralM. 
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used. This arrangement consists of a parallel connection of banks of 
cells. The cells in each bank are connected in series. An arrangement 
of three parallel banks, each haying five cells connected in series, is 
shown in figure 32. The total Toltoge of each bank is the average stun 
of the voltages of the individual cells in the bank. The currents from 
each of the banks in parallel add together, while the total voltage of 
the series-parallel connection is the average voltage of the individual 
banks. Taking 20 amperes and 1.5 volts as the output of each cell, this 
arrangement would give 20X3 or 60 amperes at a potential of 1.5X5 
or 7.5 volts. 




FiGDRH 32, — ^Fifteen dry ceUs connected in series-parallel circuit. 



43. Conductors and Imsmlators. — a, De-flnition. — All substances 
conduct electricity to some extent, yet all offer resistance to the flow 
of electricity. Any substance ofl[ering comparatively little resistance 
to the flow of current is known as a "conductor" and is said to have 
"high conductivity." Substances which offer much resistance to thft 
flow of eleetrieity are known as '%oneon^netors" or "insiilators." 

h. The resistance of a ^n«lne^ depmds on several factors. The 
laws governing the variation of resistance are : 

(1) The resistance of a conductor varies directly with its length. 
When the length of a conductor is increased, the resistance offered 
by that conductor to an electric current is increased. 

(2) Tim r^stoie of tt ccninctGV v«£t^ *i& its eross- 
sectional jIji increase in the cross-sectional area of any con- 
ductor win decrease the resistance offered by fitat conductor to a cur- 
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Milt of electricity. Likewise, shoxiM ^fai iK^-sectional area be de- 
creased, the path over which the eiirreiit mUst Jftpw ig miide aoEiaBur 
and the resistance will increase. 

(3) The resistance of a conductor varies with its temperature. A 
rise in the temperature of a conductor will usually increase the re- 
sistance offered by that conductor. However, in the case of some 
materials a rise in temperature has a negative effect and it will in- 
crease the conductivity of the material. Tliis principle is applied in 
aircraft engines where it is desired to neutralize the, heating etfEect of 
the engine on parts of the electrical system. 

(4) Eesistance to an electrical current varies in various materials. 
The resistance a substance offers to titie passage of current depends 
upon its composition and purity. A few of the most common conduc- 
tors, in the order of their conductivity are : silver, copper, aluminum, 
zinc, and brass. Copper, because of its relative cheapness, low re- 
sistance, and high tensile strength, is recognized as the best all-around 
conductor for commercial use. It is used extensively in the construc- 
tion and wiring of aircraft electrical equipment. 

0. Substances offering much resistance to the flow of electricity — for 
example, glass, mica, bake! it^, rubber, porcelain, and fiber — are known 
as "nonconductors" or "insulators." A conductor covered with in- 
sulating material such as rubber, cotton, silk, or enamel is known as 
an "insulated conductor." A wire is insulated to prevent the current 
of electricity from flowing onto or away from the wire if it rests 
against another Jpece of metal which woicild provide a p^fii for flow 
of the Gurrmt. 

44. Gepdensers. — a. Purpose. — A condenser is a device for the 
temporary accumulation of electrical charge. The condenser receives 
charge from the circuit and returns most of this charge to the circuit at 
the proper time. Condensers are used in connection with the ignition 
and generator systems on aircraft. 

5. G onMruction. — (1) Practically speaking, any two parallel csoa- 
ductors separated by a nonconducting material is a condenser. The 
nonconducting material is called the "dielectric" of the condenser. 

(2) Condensers in current use consist of two plates, sets of plates, or 
strips of metallic foil, separated from each other by thin pieces or strips 
of dielectric. The most common dielectrics are mica and waxed paper, 

c Operationi — Figure 38 shows a simple condenser ccmTOct^d in a 
circuit. Befoi'e the switch is closed, both plates of the condenser ar& 
electrically neutral. When the switch is closed (toward the left) tlie 
difference of potential across the plates will become the same as the 
difference of potential across the battery. The condenser will now be 
charged. If the load unit is then connected to the terminals of the con- 
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denser (by closing the switch to the right) the charge in the condenser 
will be delivered to this load unit. 

d. Capacity, — The amount of the charge accumulated by a condenser 
depends on djbiereo<oe of potential acrc@s the condenseir and Ito 
eapae!^. "Capitfi^^^ mAj be ddlned as the ratio of the qnaxitilf of 
charge to the difference of potential across tihe condenser. In other 
words, it is the number by which the difference of potential across the 
condenser must be multiplied to get the quantity of charge accumulated 
by the condenser. Capacity is determined by the size and shape of the 
plates and the thickness and character of the dielectric. It is expressed 
in farads or microfarads (1 farad =l/j0O,OOO microfarads). 




fiGUfiE 33. — Condenser in a circuit. 
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45. Nature of magnetism. — a. General. — For many centuries it 
has been laaown that a ©ei^ain type of iriai or© Itm^ the property of at- 
tractii^ small bits of iron and steel. Pieces of tibis ore, called mag- 
netite, are known %atar^ magnets.'* This property of a material 
which enables it to attract certain other materials is called "magne- 
tism." 

5. Eartlfs magnetic -field. — ^If a suspended magnet is free to rotate, 
it will assume a north and south position. For this reason, magnets 
are used for determining direction. "Hi© fact that a compass needle 
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with inagneti^ pcdtes al or near tihs ^ogmpJxieal Ite^ SoutJi 
Poles. 

c. Magnetic amd nonmagneUc materials. — Iron, steel, nickel, cobalt, 
and alloys of these elements are materials which exhibit marked mag- 
netic pioperties. Materials such as copper, aluminum, and zinc, which, 
are not susceptible to magnetism, are known as nonmagnetic materials. 
Some magnetic alloys contain noMnagnetic elements. 

d. Magnets. — Mag^iiets may be made either by stroking bars of 
steel in one direction with a magnet or by passing electric currents 
around the bars. For commercial purposes, artificial magnets ar6 
magnetized by an electric current. Magnets produced by artificial 
means are said to have been magnetized by induction. Ma^etic in- 
duction takes place through all nonmagnetic materials, whether they 
are solids, liquids, or gases. In other words, nonmagnetic materials 
are not magnetic insulators, 

46. Permanent mag'nets. — a. A hard steel bar when magnetized 
will remain so indefinitely unless it is subjected to heat or jarring; 
while soft iron, although more readily magneti^d, lo^es |>mctic;ally 
all of its induced magnetism almost imra^diitWf tfpMt reatioval of 
the chaiging influence. Consequently, steel and steel alloys, suoh %%■ 
nickel-steel, are used in the production of permanent artificial mag- 
nets, while soft iron is used as the core of electromagnets for tem- 
porary magnetization. 

1). Magnetic field around har magnet. — (1) The bar magnet is a 
reetangnlar steel bar the strength (power of attracting magnetic ma- 
terials) of wMch is concentrated at each end. Consequently, the ends 
of the bar magnet form the poles. The pole which always points 
to the earth's magnetic North Pole when the magnet is suspended 
freely, is called the north-seeking or simply the north (N) pole of 
the magnet. The other pole of the magnet is called the south (S) 
pole. The poles of the magnet are of equal strength, and the fact 
tjiat fragments of a magnet always have two poles indicates that 
ntagiielisni is a condition wdiich prevails throughout the whole mass 
of the magnet. 

(2) The magnetic field around a bar magnet may be seen readily 
by placing a piece of paper over a bar magnet and sprinkling iron 
filings over the paper. The magnetic force will arrange the filings 
in curved lines running from one end of the magnet around to the 
other end, as shown in figure 34. The conventional method of repre- 
senting the field around magnets is shown in figure 35. The region 
surrounding a magnet through which magnetic lines of force travel 
from the north pole to the south pole is known as the "magnetic field'* 
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of the magnet. The strength of this field depends upon the amount 
of pull per unit area of the pole and is usually measured by a certain 
Bwober of ntagnetile lines per nMt of area. 




FiouBV 34i<— M«^etl« field of a ta&gaet sbo-wd tran 1SiSn&. 



e. Lme§ &f m&§mUsm. — ^When two magnets are brought together, 
tte following reactions will always take place : 

(1) Unlike poles will always attract each other. 

(2) Like poles will always repel each other, 

(3) The closer the poles are to each other, the stronger the force 





Figure 35. — ^Mafnetic field around bar and borseshoe magnets. 

of atteaction or repulsion. This force decreases rapidly as the poles 
are moved apart. 

(4:) A magnetic field will be set up between the poles. If the ])oles 
are unlike, the field between the poles will be as shown in figure 
86®. The fiftM betwfi-en like p@li$i is in %^cm 36@. 

4 Mm'amhoe magmts.-^PeTmmmij mafgnets am found in two 
forms: the bar ms^net, previously discussed, and the horseshoe mag- 
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net. The horseshoe magnet is simply a magnetized iron bar made 
in the shape of a U or horseshoe. This creates a magnetic field of 
greater intensity because each magnetic line of force emerging from 
#6: north pol© r«tair3tts to tToB smth. pole oi the imgifflfe through a 
mueh dyflste SSstaitee thaji ttoi fc^ the lines of foree of a }mc 

magEMBt. If the strength of the field between the two poles of a 
horseshoe magnet is tested, it is found to be inore intense than that 
of a bar magnet of equal strength. In a horseshoe magnet not only 
is the path of each line of force shortened, bjit more lines exist. 




FlWftKi 86. — MsgOBtic fields betwefiii like poles (r^bt) and unUke poles (left). 



47. Magnetic circuit. — & It ii generally believed that magnetism 
acts in the nature of a stream or current. This flow of magnetism is 
called "magnetic flux" and is represented by lines of force which al- 
ways flow out of the North Pole of a magnet and around into the 
South Pole, forming a complete circuit. The relative strength of the 
Md de|}3ends upon the nunabir of the ma^etie lines of iorm ©listing 
in, :te jpai^iij^. ■cirisuil* 

GoTn/paHsom $& electrical circuit. — ^In an electrical circuits if a 
conductor and a resistance are connected between the positive and 
negative poles of a battery and the resistance is decreased, the cur- 
rent strength is increased. In the case of a magnet, if the length of 
the paths from the Ifoith Pole to the South Pole is decreased by bend- 
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ing the magnet into the form of a horseshoe, the number of lines of 
force is greatly increased. If a piece of soft iron or other magnetic 
material is inserted between the poles of a horseshoe magnet in the 
space now filled with air, the numbra? of lines of force existing in the 
ciiMstiil iNtween the North &wM., 'Bcm& Bcsles is considerably increa^d. 
Tbis is analogous to decreasing the re^stance of an electrical circuit 
by substituting a conductor of lower r^stance for one of higher 
resistance. 

(1) It follows from the previous discussion that the strength of 
the magnetic flux depends upon the material of the completed magnetic 
circuit and &e strength of the magnet. This corresponds to the fact 
that the current strength m any ^mn cr®^ section of an electrical 
conductor depends upon the resistance of the closed electrical circuit 
and the electromotive force applied. From these facts, it may be 
seen that an equation identical in form to Ohm's law may be applied 
to the complete magnetic circuit. This states that the flux for any 
given magnetic circuit is equal to the ^'"magnetic presswre''' producing 
the ffim dvmded hy the opposMim overe&me m estahMshmff the pum, 

(2) Hwpe are two importot ways m wMcto. fe© anato^ of to 
•magnetic circuit to an electric ^euit is incoMt^lete. Fii st, a magnetic 
circuit can never be entirely opened. A magnetic field must exist at 
all times in the vicnity of a magnet, while a switch placed in an elec- 
trical circuit stops the flow of electricity when it is opened. Second, 
magnetic flux is not strictly analogous to current because current is 
rate of flow of eteetridiy, while magnetic flux is more nearly a state 
or condition of ill® miSinm in which it is established. 

48. Electromagnets. — a. Magnetic field around a current-carry- 
ing conductor, — (1) Magnetism produced by an electrical current is 
called electrotnagnetism. A wire or any other conductor carrying an 
electric current wiU have a magnetic field set up around it. The 
strength of this field is proportional to the ampipt of CBOTait Ihe 
conductor earri^. This fact is the bai^ for tiie re^tlon betw^n. elec- 
tricity and magnetitm. The magneii© field thus produced is arranged 
in concentric circles around the wire, as shown in figure 37, and flows 
clockwise for the observer looking along the wire in the direction the 
current is flowing. 

(2) The direction of the magnetic flWd around a conductor can be 
determinedi by a poJ^et compass. The magnetic needle, if held above 





Figure 37. — ^Magnetic field surrounding an electrical conductor. 
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or Ibfelow a wire carrying a direct cwrrent, will tuHi across the wire, 
with the north end of the compaip needle pointing around the wire in. 
the direction of the magnetic lines of force, as shown in figure 38. By 
determining the direction of the magnetic field around the wire, the 
direction of the current flowing in the wire may also be determined. 

h. Magnetic ■p.eld around rnvrent carrying loop, — ^If the wii« is 
coiled into a loop, it will be found that the concentric lines of force go 



s 




in the same direction through the center itJf the loop, as shown in figure 
i9, if two loops are placed ctlaie |e^th®r| jiMPly all tibe Ihai^ of 
%mm "^ill m#rge and go around the two wires togeth^, as showia m 
figiare 40. 

c, Magn-etic field around an air-core coil. — ^When a number of turns 
of insulated wire are wound into a coil, as shown in figure 41, nearly 




FiOUEB 39. — The magnetic field produced by current flowing in a single loop of wir& 



Ams:T AIR 



all the lines of force will enter one end of the coil, pass through it, 
leave the opposite end, and return outside the coil to complete the 
circuit. Thus a coil carrying an electric current has essentially the 
same kind of magnetic field as a bar magnet. It has a north pole 
where the lines of force leave the coil, and a south pole where the lines 
of tome enter the coil. 




d. Horseshoe electromagnet. — ^The strength of an electromagnet can 
be greatly increased by giving it such form that the magnetic lines 
can remain in iron throughout their entire length instead of remaining 
in air as they do in figure 41. For this reason, electromagnets are 
u^ally built in the horseshoe form and provided with an armature, 
through which a nearly complete iro«i path fpr tto ita« jif fcfe© is 
established. 

(1) PermedbUity. — The ability of the material between the poles of 
a magnet to conduct magnetism has a marked effect on the strength 




wmtsm 41,:— Staitttette ftad ppo^ by cttrrent Ba^flili fWiWili a ebil ox m}m<Mf. 
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of the field. This ability to conduct laagftfe^sm is called "perme- 
ability." Permeability of a material is expressed as the ratio of the 
strength-of a magnetic field, with that material forming its entire core, 
to tlie strength of the field if air is used as the core. Nonmagnetic 
materials all have a permeabi lity of very nearly 1, jOl M^iM^ Sttb- 
stances have permeabilities much greater Aw 1, ibfe -mltMS iigpeiidiing 
upon the chai-acter of the substance and the magnetizing force. Titf 
strength of an electromagnet varies with the material used for its core. 

(2) Satiiration. — ^Magnetic materials tend to become magnetically 
saturated when conducting considerable magnetism ; that is, magnetic 
materials can pass only a certain number of lines of force. When the 
magnetizing force is such that the magnetic material is saturated with 
magnetism, additional magnetizing force will not produce much 
increase in magnetic field strength. 




TO N D RT H PO L E 

FlGUBE 42. — Determining polarity of as tiectromagaet. 

(3) PdUigrUy. — A simple method for determining the polarity of 
an electromagnet, if tlie direction of the curr^t is known, is to grasp 
the coil in the right hand with the fingers pointing around the coil in 
the direction the current is flowing. With the hand in this position, 
as shown in figure 42, the thumb will point in the direction of the 
magnetic lines of force or along the core to the north pole. The 
polarity of an electromagnet may also be-quickly determined by hold- 
ing a Compaq near iti poles* T^he north end of th© needfe will point 
to the south pole of the jBlertieiimiignet. 

49. Relation between current and field intensity. — Field in- 
tensity may be defined as the magnetizing force of a coil. This mag- 
netizing force is dependent upon the amount of current flowing 
through tbe winding and the number of turns in the coil. When 
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the current ^iifi^li in the M iftCreaiid, il is found that the in- 
tensity of the magnetic field is increased proportionately. Likewise, 
if the number of turns in the coil is increased, the intensity of the 
magnetic field increases also. Therefore, the magnetic field intensity 
is directly proportional to tte current flowing in the winding «€ tte 
number of turns in the coil. The magnetic pull of an electromagnet 
depends chiefly upon the number of ampere multiplied by the number 
of turns in the winding, or the total number of ampere twms (see fig. 
45) producing the magnetism. 

ONE AMPERE iCf ^(\ffP^^ AMPERE 

■mm mmm- Tumi ^ rm -immm imm 

TWO AMPERE5f\/^ri: ^H^TZU AMPERES 

iTHREE TURNS) [A)U^ J^uJ^^^ TURNS) 

m. mmK im^ w&m' mmm. ■mm 

^imm M. — liagnetiMtng iomm ot a eoll depends npon {misere»aitd nnnabe^ of turns Is 

the eoU. 

50. Electromagnetic induction. — a. (renered. — Since it is true 
that a current flowing in a conductor produces a magnetic field around 
the conductor, it is also true that setting up a magnetic field around a 
conductor momentarily produces an electric current when the con- 
ductor is in a clossd circuit. 

h. I^iSm&d ommd^^ ptmem ^ ^lerating a current In this 
manner is known as "induction,'' and the cuttent thus produced ii 
called "induced current." If the current is generated by magnetism 
alternating in direction with respect to the conductor, the induced 
current will also be alternating in direction with as many reversals 
per second through the wire as there are reversals of magnetism 
WOTOd it. Such a current is called "alternating eurrent^" wd is 
tpaally i^bbreTiated "a-c." 

(1) A magnetic field may be used to induce current in a wire, 
either by cutting the magnetic field with the wire, as is done in a 
stationary-field-type magneto or a generator, or by cutting the wire 
with a moving magnetic field, as in the inductor type magneto and 
in the iogiffigtion cdiL 

(2) The melted fey wfeliii m wgpiMii Is up around a con- 
ductor and the relative direction of the induced current are shown 
in figure 44. ^ and S represent the north and south poles of a mag- 
net, and W a wire cutting through a magnetic field between N and 
S in a downward direction. The magnetic lines of force between 
H" a.nd S tend to act like rubber bands under leniion, becoming dis- 
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torted by the moving wire, as sliown in figure 44 (2). Hie distorted 
lines of force crowding ahead of the moving conductor or wire create 
a field of greater intensity on one side of the conductor than on the 
other. This has the effect of setting up a magnetic whirl around the 
conductor in a counterclockTWse dfe^eetion, m im figure 44 @, thfi*eby 
indu^mig a TOlta^e and current flowing out of the conductor as indi- 
cated. 



(3) If the wire is stationary and magnetic lines are made to cut 
the wire, the effect will be the same. In either case, the direction of 




the current set up in .the wire will depend upon the direction in 
which the wire cuts the magnetic lines of force. Furthermore, the 
amount of current and voltage thus produced will depend upon the 
resistance of the wire, the strength of the magnetic field, and the 
speed at i^vltiiah l&l iQag&t^l& #f i^tee mm mi^ 

(i) M^iM-hmS — 'im. iQa®&ad for dietetoining the rela- 
tion between the induced current, the i^rection of magnetism, and 
the movement of the wire through the magnetic field is to extend the 
thumb and tlie first two fingers of the right hand so that they are at 
right angles to each other. If the first finger is pointed in the direc- 
tion of the magnetic field from N to 8, as in figure 45, and the thuanb 
in &e direction of motion of the conductor with J^pect to the fidd, 
the second finger will pdirt in the direction of the induced curreait. 

0* i^f^im^mmv-^MieciviQQX circuits containing one or moi^ i^ilt 
p(^ess a property called inductance which tends to retard the estab- 
lishment of current in the circuit, or to oiipose a change in the value 
of an existing current. The effects of inductance may be compared 
to c»f imt^tt', Tiw« is reqptod to Mng a fiywhetl tci 
^eed" because of its ineitiaf aikd when in moMoni the wheel cippji^s 
an increase or decrease in its' speed. Likewise, time is required joJt 
the establishment of current in a circuit because of its inductance. 
The inductance also causes a retardation in the increase or decrease of 
an existing current. The inductance of a circuit depends directly 
upon the magnetic properties of its parts. The greater the- total 
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amount of magnetism created by each ampere of current which flows 
in the circuit, the greater is the inductance of the circuit. An elec- 
trical device which employs magnetism in its operation introduces 
c(»x^MbLl& badm^m miof a. ciMi n^biMt it U a pxt Thm^ 
fore, sueh a device is calltti an "indnellTe unit.'^ 

d. Self-induction. — (1) When current is increasing in a coil, a mag- 
netic field is produced around each turn of the coil. If the coil con- 
tains an iron core, the core will be magnetized and a stronger field will 
be produced. As this field is being set up, the magnetic lines of force 
CFOss the turns of the coiL This produces an induced current which 
is opposite in direction to (and therefore opposes) the current which 
is flowing in the coil. The production of current in t^s manner is 




Vmnsa ^i—H^bea^j^bias direction of induced eocrent (lisbt-band role). 



called "self induction." As soon as the current in the coil reaches its 
maximum vahie, the self-induced current disappears. 

(2) If the circuit is broken (after the current reaches its mammum 
value), the magnetic field around the coil collapses. The magnetic 
lines of force will again cross the turns of the coil, and a momentary 
current will be induced in the coil by self iiuhiction. This current 
will tend to flow in the same direction as the original current. As the 
circuit has been hrokeu, ^ere is no place to which tMs current can 
flow. Therefore, for a moment^ one end ol the cpll wiU be very Mghlf 
charged negatively, and the other end waU he "fmj highly char^^ 
positively. The difference of potential across the ends of the coil may 
thus reach a very high value for a short period of time. This fact is 
the basic principle of ignition systems. If a spark plug is connected 
in paralM wMa: the ib« mcateffifcary high ^Mmmmt. of potential 
across the electrodes of ih« plujg will cause arcing between them. 
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(eraf ) in one coil by a cliange in the magnetism of a neighboring coil 
is called "mutual induction." In figure 46 two neighboring circuits 
are shown, one with and one without a battery. When the current in 
the- primary circuit is started by closing the switch, niagnetfe fcfli irf 
force due to this current will link coil 2 of the secondary cireuit* 
these magnetic lines of force cut coil 2, an induced electromotive force 
and an induced current are set up in coil 2, The current in the second- 
ary coil lasts only while the current in the primary coil and the mag- 
netic field around it are changing. As soon as the current in coil 1 
ceases to increase, the current in coil 2 disappears. When the current 
in the primary ciraiit ceases to flow, the magnetic field of coil 1 col- 




FiGUBB 48. — Mutual Inductance. 

lapses and the lines of force which link coil 2 disappear. During their 
disappearance there is a momentary electromotive force and current 
in the secondary coil. In most ignition apparatus, the two eoila 
(wMeii: are imde of inswl^ited wire) wm wound uroiand a commoii core. 
Most of the eiaf Indticed i^ tlie sgcoadatr^ coil is due to loss of mag- 
netism of the core. 

/. Alternating curr'e?its. — If the amount of magnetic flux associ- 
ated with a coil is varied by any process whatsoever, an emf is induced 
in the coil. Figure 47 illustrates a simple method for variation of 
raagiietic ftiis: in a magnetic circuit. A permanent tiaagnet is mounted 
withm#p p|» iirf m aDuaagnetized iron yoke so that the magnet may be 
rotated. This forms a magnetic circuit composed of the magnet and 
the yoke. A coil which is mounted on the iron yoke is linked with 
the magnetic circuit. As the magnet rotates from the position shown 
in figure 47, the strength of the magnetic field around the yoke de- 
cr^iii*.. Mm fee Ma^itfe IMm of fere© disappear, they cut- the turns 
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of the coil, and an emf is induced in the coil. When the magnet has 
rotated 90° from the position shown in figure 47, the eflfect of one 
magnetic pole on y^m m mM^^ by &i Mi 
coiitinuee to rotate, a, Ms^eti^ jMd is agftfn MEt ttp afoiind ^tm ; 
with the magnetic lines of f&tm reversed in direction. While this 
field is building up, the magnetic lines of force again cut the turns of 
the coil, and an emf in the opposite direction is induced in the coil. 
A similar change in the direction of the magnetic field around the 
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PiaOEB 47. — Production of an alternating circuit. 

yoke occurs after the magnet has rotated 270° from the position shown 
in figure 47. Since the magnetic field reverses direction twice each 
ve^lution, the emf induced in the coil will el^mge direction or ^'alter- 
nate" twice dnritig^ eaoh revolution of the magnet. 

(1) Fre^iumcy. — The reverb of the magnetic flux causes the in- 
duced current to flow in opposite directions at regular intervals. When 
the current rises from zero to a maximum in one direction, returns to 
zero, rises to a maximum in the other direction, and returns to zero 
again, it has completed a cycle. This cycle is repeated over and over. 
T)a& nmnber of l^es ilie (^de li rtfeatei msm^ It Mown m 
the **fcequen<:y." 



62 



APPLIED PHYSICS FOB AlKMtiAiriS MEtMAMGS HO 

(2) Ohrrh's law applied to alternatAng current. — In an alternating 
current circuit the current and voltage increase to a maximum in one 
direction, decrease to zero, increase to a maximum in the other direc- 
tion, then decrease to ^gra, mmm <iSmM% &m voltage ani OMOCPeat 
iidr maTrinfiiiiii 'VBliie at ^ saM iBE^as^t 0]im% law in its 
simplest form may b& applied to a m3B&dit csf this type. If (becauae of 
peculiarities of the circuit) the current reaches its maximum value 
before or after the voltage reaches its maximum value, the simple form 
of Ohm's law must be changed to include a factor of correction. 
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'SUmx 1. — Metric system 
Length 

10 millimeters (mm) —1 centimeter (cm). 
100 e^tlmeters =1 mete (m) . 
1,<M30 aeters =1 idlouieter (km). 

yotume 

100 cubic millimeters =1 cubic centimeter. 
1,000 eoMe centimeters =1 liter (L) . 

Weight 

1,000 milligrams (mg) =1 gram (g). 
1,000 grams =1 kilogram (kg). 



TAEem It. — Cotwersion tablea — SriifUsh to metrio 
Length 



1 Inch 
1 foot 
1 yard 
1 mile 



—fJSH centlmet<^ 
=30.48 ceutimetras. 
=.9144 meter. 
=1.609 kilometers. 



1 guart 
1 gftUon 
1 cubic foot 



= .9464 Y\U-v. 
=3.785 liters. 
=28.32 liters. 



1 ounce 
1 pcmnd 
1 ton (^^ort) 
1 ton (long) 



Weight 



=28.35 grams (g or gtn). 
=.4536 kilogram. 
=907.2 kilogiams. 
«=1,01&05 kllogcazos. 
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Tabm III. — Decimal Equivalents of Fraelimi 



Fraction 




Fraction 


X^6ciinal 




0. 03125 




0. 53125 




. 0625 




. 5625 




. 09376 




. 69375 


H 


. 125 




.. if i 


%2 


. 15625 




. 65625 


%^ 


. 1875 




, 6875 




. 218f5 




.TlgTS 


M 


. 25 




. 75 


%i 


. 2S125 




. 78125 




. 3125 




. 8125 


732 


. 34375 




. 84375 




. 375 




. 875 




. 40625 




. 90625 


Ke 


. *Sf S 




. 9375 




, 4G875 




. 96875 


>4 


. 5 


1 


1. 000 



Area of a ^ri^^&met6rX3.1416. 

B.t.u. X778=foot-pounds. 

Ca])ucity of a cyliiidncul taiik^diameter 'XleagtT^X .OOHi. 

lengthX wldthX deirth. 



Caimclty of a jrectongular taiik= 



231 



Efficiency (tn percent) =- 



(Mzscon^etetiee of a circle=dianieterX 3.1416. 

output X 100. 
Input 

Fo i-ee = pressure X a rea . 

GMllons {British imperial) X 1,201 = U. S. gallons. 
Galious (U. S.)X231=cubic inclies. 

iiiififls (m s.) X3.785i^itt*«®* 

Horsepower X33,000=feet=pt>unds per Mlntttie* 
Horsepower X 746= watts. 

Inches mercury X .49lie=poiind8 pei* sqimfe incft. 
IiK lies of mercury X25.4=mlUimeters of mercury. 
Kilpgr|OTiaX2.20^=pou»ds. 
I^ts$^l^=szi^e8 p«? ham. 
lAteta X 1.057=quarts. 

resi.stance. 

MediaiUcal advaati&ge (force) =—- 

euort 

Miles Xl.iTOt=Mometer8. 

Millimeters of mercury X .01934=^p»a^ per square Incll. 
Momentum=massX velocity. 
Pounds X .4536=kilograms. 

Bouoito per «qtiaa'»tacai X S1.7=inillta of Eoercury. 
Power (in watts) =voltsX amperes. 
Torque=foree applied X length of lever arm. 
'?^li^='i{Mp9?es X olmis. 
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TAtifciC V, — Appromtmte wiffh'ts of common Umi/^s 



Anti-icer fluid (iso-propyl alcohol)^. 

Bj^O^e 

igasdUxie ^ 

Hydraulic fluid (petroleum base) — 
Oil (lubricating) . 

-.-^--r 



Pounds 
f0ir V, M. 
gallon 

6. 7 

§1 

8 

7. 5 



Table Y1.— Centigrade-Fahrenheit conversion table 







— 40° = 


— 40" 


lOU =oZU 








-20° = 


-4° 


loU =oOD 


-10" = 


14° 


190° =374° 








10°= 


50" 


210° = 410° 


20"= 


68" 


220° = 428° 


30*^ 


m* 


230° =s 440** 


40° = 


104° 


240° = 464° 


50° = 


122° 


250° = 482° 


60° = 


140° 


260° = 500° 




1^ 


270° =51 8° 


80° = 


176° 


280° = 536° 


90"= 


194° 


290° = 654° 


100° = 


212° 


300° = 572" 


110° = 


230" 


310° = 590° 


120°= 


248" 


320° =608° 


W6^= 


MB^' 


330f^=626° 


140° = 


284° 


340° = 644° 


150° = 


302° 


350° = 662° 
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